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INTRODUCTION 
The importance of nitrogen in biological systems is well 
recognized. All living organisms have a requirement for nitro­
gen in either inorganic or organic form. Inorganic nitrogen 
and certain organic compounds can be utilized by various micro­
organisms to synthesize amino acids for incorporation into 
protoplasmic protein; however, tissues of higher animals appear 
incapable of synthesizing certain amino acids. These amino 
acids have been termed as essential amino acids. Requirements 
for these essential amino acids have been studied extensively 
in monogastric animals. Although it has been demonstrated that 
the tissues of ruminant animals are incapable of synthesizing 
these essential amino acids to any great extent it has not been 
demonstrated that ruminants have any specific dietary amino 
acid requirements. This has been attributed to the unique fer­
mentation process which takes place in the rumen in which the 
products of degradation of ingested protein are synthesized in­
to microbial protein of rather high biological value. 
Since it is known that dietary protein may be converted 
into microbial protein of rather consistent composition prior 
to becoming available to the animal, it has often been suggest­
ed that the nature of dietary protein is of little significance 
in ruminant nutrition. There is considerable evidence in the 
literature to show that this is not the case. It has been 
shown that the extent of conversion of dietary protein to 
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microbial protein may differ considerably with different pro­
teins . In addition, it has been demonstrated that a consider­
able loss of dietary nitrogen may occur by absorption of am­
monia from the rumen on certain rations. These observations 
would suggest that all nitrogen sources do not have the same 
value for ruminants. This has been verified to some extent in 
growth and nitrogen balance studies with ruminants fed differ­
ent nitrogen sources incorporated into semipurified rations. 
These differences have not been as prevalent in studies with 
natural rations; nevertheless, some differences have been re­
ported. Comparison of urea, fed at high levels, with other 
natural protein feeds is noted as one example. 
Increased attention is being focused on pelleted feeds and 
low roughage-high energy rations for ruminants. The use of 
these feeding regimens, with their accompanying increased rate 
of feed passage, may not permit optimal microbial synthesis to 
occur and thus may place more emphasis on the source of dietary 
nitrogen needed in natural rations. 
In order to adequately understand the nitrogen require­
ments of ruminant s, more basic information is needed on the 
factors influencing nitrogen metabolism. An important measure 
of the adequacy of a protein source is the quantity and propor­
tion of amino acids absorbed from the digestive tract. Nitro­
gen metabolism posterior to the rumen has been assumed to be 
similar to that of the non-ruminant primarily due to lack of 
evidence to the contrary. Absorption of amino acids has been 
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essentially ignored. Blood plasma amino acids have been shown 
to be markedly influenced by the ingestion of protein in mono-
gastric animals. It seems reasonable to assume that blood 
plasma amino acids might be an index of the amino acids absorb­
ed from the digestive tract. 
The purpose of the research presented in this dissertation 
was to compare the value of different nitrogen sources as 
measured by growth, digestibility and nitrogen balance studies, 
and to ascertain the influence of these different nitrogen 
sources on blood plasma amino acids in lambs. 
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REVIEW OF LITERATURE 
There is a tremendous amount of literature available per­
taining to protein utilization and blood amino acid studies. 
This review is a selection of the more pertinent literature as 
it relates to this dissertation. Several excellent reviews on 
nitrogen utilization by the ruminant animal are available 
(Annison and Lewis, 1959; Barnett and Reid, 1961; Reid, 1953)» 
More specific literature on amino acid nutrition can be found 
in reviews by Block and Mitchell (1946), Nasset (1957) and 
Allison (1955). 
Value of Protein Feeds for Ruminants 
Growing-fattening studies 
Much of the experimental work on the comparative value of 
protein feeds for ruminants has been conducted utilizing metab­
olism studies ; however, several feeding trials have been con­
ducted in recent years. Oltjen et al» (1959), in studies with 
lambs fed purified rations, found that soybean oil meal and 
Drackett (purified soybean protein) gave similar performance as 
measured by rate of gain and feed conversion and that these two 
nitrogen sources were superior to urea or casein. The results 
of growth trials conducted by Woods et al, (1957) indicated 
that cottonseed meal was inferior to sesame and soybean oil 
meals as a protein supplement for lambs fed rations containing 
9 percent protein. 
Little (I960) found that soybean oil meal (regular or heat 
treated) and linseed meal were of equal value in promoting 
growth of lambs fed semipurified rations. Performance of lambs 
fed corn gluten meal was markedly inferior to that of lambs re­
ceiving soybean oil meal or linseed meal rations. In other 
studies, lamb growth was favorably stimulated in three out of 
four trials in which the water soluble fraction of soybean oil 
meal was incorporated into semipurified rations containing corn 
gluten meal as the major protein source. In an additional 
study, this worker noted that the inferior performance of corn 
gluten meal, when compared with soybean oil meal, was overcome 
by increasing the ration protein equivalent 3 percentage units 
by adding urea to the ration. 
Chalmers and Synge (1954) observed that herring meal sup­
plements fed to wether lambs on a basal diet low in protein 
were more effective in promoting growth and nitrogen retention 
than casein supplements. The herring meal supplements caused 
less extensive formation of ammonia in the rumen than did the 
casein supplements. This factor was considered responsible for 
the differences noted in the value of the proteins. 
In three feedlot trials, Noble et al. (1955) compared urea 
and soybean oil meal as nitrogen supplements to a basal ration 
containing 8 „5 percent protein. Soybean oil meal supplementa­
tion improved gain and feed efficiency while urea additions did 
not improve performance. 
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Metabolism studies 
Numerous digestion and nitrogen balance trials have been 
conducted in an effort to evaluate proteins for the ruminant 
animal. Some of the earliest reported studies, on the compara-? 
tive value of protein sources for dairy animals, were conducted 
by Hart and Humphrey (1915) with lactating cows maintained on 
10 percent protein rations in which the bulk of the protein 
came from the proteins of milk, corn or wheat0 Rations con­
taining milk proteins were more efficient for milk production 
than rations containing corn or wheat proteins. In subsequent 
trials (Hart and Humphrey, 1916), using a basal ration of corn 
stover, corn silage, and corn meal, these workers found that 
the utilization of linseed oil meal, distillers grains, casein, 
and skim milk powder was similar and markedly superior to corn 
gluten feed. 
Morris and Wright (1933a, 1933b) compared the value of 
several different protein sources for lactating cows fed mini­
mal quantities of protein and found wide differences in the 
biological value of the sources. The sources, ranked in de­
creasing order, were blood meal, pea meal, bean meal, meat 
meal, decorticated earth-nut cake and linseed oil meal. These 
earlier observations on the value of different proteins for 
milk production have been supported by the results of Loosli 
et al. (I960). These workers compared the value of corn dis­
tillers' dried grains, soybean oil meal, and linseed meal as 
the primary protein supplements in dairy rations. Milk 
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production was greater for cows receiving the distillers' 
grains or soybean oil meal than for those animals on the lin­
seed meal rations. Protein digestibility in the former two ra­
tions was similar but was superior to the digestibility of 
protein in the linseed meal ration* 
Miller and Morrison (1942) reported data from over 325 
nitrogen balance determinations with lambs and concluded that 
there was little or no difference in the quality of protein 
furnished by most feeding stuffs. Various roughages (alfalfa, 
clover and timothy) were compared alone or in combination with 
corn or corn and supplement. They reported that soybean oil 
meal, linseed meal, corn gluten meal, dried skim milk, and 
casein furnished protein with about equal efficiency when each 
furnished nearly the entire nitrogen in the ration and when 
used as a supplement with corn, silage, hay or stover. 
Briggs et al. (1946a, 1946b) compared cottonseed meal, 
soybean meal and peanut meal separately and in combination to 
supplement prairie hay in metabolism studies with steers and 
lambs. Differences in biological value were not great; how­
ever, digestibility of the protein in the cottonseed meal ra­
tions was lower than in the other rations. No evidence was 
presented to show that protein furnished by the combination was 
superior to that furnished by any single source. Gallup et al. 
(1950) also reported that soybean oil meal and cottonseed 
meal were of equal value in promoting nitrogen retention; how­
ever, digestibility of the crude fiber was somewhat higher in 
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the soybean oil meal rations. 
Turk et al. (1934) conducted digestibility and nitrogen 
balance trials in which alfalfa hay and clover hay were fed 
alone and in combination with proteins of corn. They noted a 
difference in favor of alfalfa and particularly in the combin­
ation of alfalfa and corn. In later studies (Turk et al., 
1935) these workers compared the nutritive value of soybean oil 
meal, corn gluten meal and linseed meal when added to a low 
protein ration (1%)» As measured by biological value, the data 
indicated a superiority of soybean oil meal over linseed meal 
and corn gluten meal. The biological value of the latter two 
feeds was similar. In a later comparison of these same three 
protein feeds, Miller et al. (1937) found no significant dif­
ferences in metabolism studies utilizing lambs fed rations con­
taining corn, and timothy hay or corn stover. 
More recently, Little (I960) evaluated soybean oil meal 
and corn gluten meal as protein sources for lambs fed a semi­
purified ration. No apparent differences in protein digesti­
bility and nitrogen balance were detected. Digestibility of 
cellulose was greater in the soybean oil meal rations than in 
the corn gluten meal rations. This is in accord with results 
reported by Gallup et al. (1950), who noted that the digesti­
bility of crude fiber was somewhat higher in soybean oil meal 
rations than in cottonseed meal rations for lambs and steers. 
The results of digestibility and nitrogen balance trials 
conducted by Woods et al. (1957) indicated that a sesame-
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soybean oil meal combination was superior to cottonseed meal as 
a protein supplement for lambs fed rations containing 9 percent 
protein. In a subsequent study (Woods et al. 1958), these same 
protein feeds were compared in semipurified rations containing 
4> 6 and 8 percent protein. The digestibility of protein was 
lower in the cottonseed meal rations than in the soybean oil 
meal or the sesame oil meal rations. Nitrogen retention was 
slightly superior in the lambs receiving sesame oil meal. 
The effect of processing on the value of protein feeds for 
ruminants is not clear. Miller and Morrison (1942, 1944) re­
ported little or no difference in the utilization of digested 
soybean proteins whether in the form of raw beans, unextracted 
flakes, solvent meal, or toasted solvent meal, although the raw 
soybeans and unextracted soybean flakes were less digestible. 
Similarly, Gallup et al. (1950) reported processing did not af­
fect performance of cottonseed and soybean oil meals in digest­
ibility and nitrogen balance trials with steers and lambs, 
This latter work is in contrast to the results of Tillman 
et al. (1961) who reported that the nitrogen of high-speed 
screw press cottonseed meal was less digestible than that of 
prepress solvent-extracted meal and that both meals were infe­
rior to solvent-extracted soybean oil meal, Chalmers et al. 
(1954) observed that heat treatment of casein resulted in im­
proved nitrogen utilization as well as decreased ruminai am­
monia production. 
Hamilton et al. (1948) used a paired feeding technique in 
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comparing the utilization of the nitrogen of urea with that of 
casein, corn gluten feed, dried skim milk, or linseed oil meal. 
They reported essentially no differences in biological value 
between urea and casein, dried skim milk, or corn gluten feed; 
however, a marked difference was noted between urea and linseed 
oil meal in favor of the latter. In an earlier study (Johnson 
et al., 1942) these workers found no difference between the 
biological value of urea and soybean meal added to 6 percent 
protein rations of hay and corn. The biological value of urea 
was slightly superior to casein. 
Drori and Loosli (1961) reported that nitrogen retention 
was greater in lambs fed rations containing soybean oil meal 
than in lambs receiving rations containing urea as the primary 
source of nitrogen. Anderson et al, (1959) observed that 
nutrient digestibility was greater when purified soybean pro­
tein replaced urea as the source of supplemental nitrogen in 
lambs rations. The improvement was attributable primarily to 
the increased digestion of crude fiber. Lofgreen et al„ (1947) 
reported that the nitrogen of egg protein was more efficiently 
utilized than that of linseed meal or urea in timothy-corn ra­
tions for lambs. 
Ellis et al. (1956) reported that the biological value of 
protein from bovine blood fibrin or soybean protein was greater 
than from casein when fed in purified rations to lambs; how­
ever, the value of casein was superior to those of gelatin and 
urea. The different biological values could not be ascribed to 
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variations in ruminai ammonia formation. Although ruminai am­
monia of lambs fed urea was higher than that of other sources, 
there were essentially no differences between the true pro­
teins. In addition, these workers (Ellis et al. 1959) found no 
correlative significance between the lysine level of rumen con­
tents and nitrogen balance or biological value. Methionine and 
tryptophan increased six hours after feeding either soybean 
protein or fibrin and decreased after feeding either urea or 
gelatin. The six-hour levels of tryptophan were correlative 
with nitrogen balance, biological value and ingested tryptophan. 
They suggested that the capacity of the rumen microorganisms to 
synthesize protein from urea, casein or gelatin was insuffi­
cient to adequately supply certain amino acids critical for 
growth. 
Amino acid supplementation of ruminant rations 
Several studies have been conducted with amino acid sup­
plementation of ruminant rations and the results have been 
quite variable. Morris and Wright (1933b) in summarizing the 
results of a several metabolism studies concluded that a close 
correlation existed between the biological value of a ration 
and its lysine content. The results of Hale et al. (1959) 
suggested that lysine may be effective in improving performance 
of steers and lambs. The addition of 10 grams of lysine to a 
high-corn, high-protein (11<>5$) fattening ration for steers in­
creased feed lot performance as measured by average daily gain 
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and feed efficiency. Similar results were obtained in a high 
corn-urea ration for lambs. More recent studies, however, have 
shown no benefits from lysine supplementation to various types 
of ruminant rations (Harbers et al,, 1961; Kolari et al., 1961; 
Marion and Jones, 1961; Hinds and Mansfield, 1961; Gossett 
et al,, 1961; Roberts, 1961)0 
Loosli and Harris (1945) were among the first to suggest 
that the value of urea for lambs could be increased by methio­
nine supplementation. In nitrogen balance studies, urea was 
much inferior to linseed meal; however, the addition of methi­
onine to urea resulted in nitrogen retention values which were 
similar to the values obtained for linseed oil meal. Lofgreen 
et al, (1947) have also reported increased nitrogen retention 
with methionine additions to urea rations. More recently, 
Griffith et al, (1959) have reported that methionine additions 
to a 11% protein lamb ration improved daily gains. Other work­
ers have shown little or no benefit from methionine supplemen­
tation (Hinds and Mansfield, 1961; Gossett et al0 1961)„ 
Influence of protein feeds on rumen microbial action 
The results of several workers have indicated that differ­
ent protein feeds have varying effects on microbial action in 
the rumen. An increase in digestibility of cellulose or crude 
fiber in rations containing soybean oil meal over the digesti­
bility of cellulose or crude fiber in rations containing corn 
gluten meal, cottonseed meal or urea has been shown by Little 
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(I960), Gallup et al. (1950) and Anderson et al, (1959). These 
observations have been confirmed in vitro by the results of 
Little (I960), He found that soybean oil meal, linseed meal 
and casein were effective sources of nitrogen for cellulose di­
gestion; whereas heated soybean oil meal and corn gluten meal 
supported no greater cellulose digestion than when no nitrogen 
was added to the in vitro medium. 
The English workers have recognized that some proteins are 
more extensively degraded than others in the rumen« McDonald 
(1952) compared the rate of ammonia production from casein, 
gelatin and zein when administered directly into the rumen and 
found that casein and gelatin were readily degraded to ammonia 
but zein was not. Similarly, Annison (1956) found that casein, 
arachin and soya protein were readily degraded, but bovine 
albumin, zein and wheat gluten were less extensively attacked. 
Annison et al. (1954) measured ruminai ammonia concentra­
tions in sheep receiving different protein supplements to a 
basal hay ration. Ammonia production was greatest for ground­
nut meal, intermediate for herring meal, and slight from corn 
gluten meal. McDonald (1952) and Lewis et al„ (1957) have 
demonstrated that a considerable loss of dietary nitrogen may 
occur by absorption of ammonia from the rumen on certain diets. 
The results of McDonald (1954) and McDonald and Hall (1957) 
have suggested that the extent of conversion of dietary protein 
to microbial protein can differ considerably with different 
proteins. 
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Although the literature reviewed here is somewhat contra­
dictory, it appears that protein sources may not necessarily be 
of equal value for ruminants as has been often suggested, and 
that further studies are needed to clarify the role of protein 
or nitrogen in ruminant rations. 
Blood Amino Acid Studies 
Absorption 
It is well established that proteins are hydrolyzed in the 
gastrointestinal tract to amino acids which are absorbed 
through the intestinal wall and transported as such in the 
blood. In vitro studies have indicated that the rates of re­
lease of amino acids from dietary proteins may vary (Melnick 
et al., 1946; Denton and Elvehjem, 1953)• Differences have 
also been observed in vitro in the rates of absorption of dif­
ferent amino acids from the intestine (Wiseman, 1953; 
Friedlander and Quastel, 1955)• It has been shown by 
Christensen (1949) that the majority of protein is absorbed in­
to the blood stream as free amino acids and not as peptides. 
Relatively little work has been reported on absorption of 
amino acids in ruminants. Annison (1956) was unable to detect 
any absorption of amino acids from the rumen proper on the ba­
sis of arterid-portal differences in total amino acid nitrogen. 
However, the more recent results of Cook et al. (1961) have 
shown that ruminai absorption of amino acids may occur. When 
a solution of 10 acidic and neutral amino acids were 
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administered into the rumen of a steer, the concentration of 
serine, threonine, leucine, and isoleucine increased in rumen 
vein blood. Their studies indicated that competition may ex­
ist between amino acids for absorption. This is in accordance 
with studies reported on amino acid absorption from the small 
intestine of the rat (Jervis and Smyth, 1959). 
Portal versus systemic blood amino acids 
Several studies have been conducted to clarify the rela­
tionship of the amino acids in portal and systemic blood. It 
has been suggested that the liver acts as a homeostatic device 
in regulating the relative concentrations of the amino acids in 
peripheral blood. Therefore, it seemed necessary to determine 
if amino acid changes noted in portal blood were elicited in a 
similar manner in peripheral blood. 
Early workers (Howell, 1906; Seth and Luck, 1925) observed 
that the concentration of amino acids in the portal vein of 
dogs was higher than in peripheral blood after ingestion of a 
meal. Later, Dent and Shilling (1949) determined the levels of 
free plasma amino acids in portal and jugular blood of dogs at 
1, 2.5 and 5 hours after feeding protein meals. These workers 
reported that the concentration of plasma amino acids in sys­
temic blood was lower than in portal blood; however, changes in 
systemic blood were fairly proportional to changes noted in 
portal blood. 
Denton et al. (1953) observed that a much greater increase 
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in the concentration of amino acids could be detected in the 
portal vein than in the radial vein of dogs at various hours 
postprandial. The changes in concentration of several amino 
acids in portal blood were not reflected to any great extent in 
radial blood. This work was confirmed in later studies by 
these same workers (Denton and Elvehjem, 1954)• 
Puchal (1962) obtained blood samples from the portal vein 
and anterior vena cava by sacrificing baby pigs, fed dried skim 
milk or soybean oil meal diets, at 1, 2 and 3 hours after the 
ingestion of the diets. No consistent differences were ob­
served between portal or systemic blood samples in the quantity 
or proportion of plasma amino acids. This author suggested 
that the apparent contradiction with previous reported studies 
may be explained on the basis of different experimental condi­
tions. The animals in this study were given the test diet 
after a shorter fast (18 versus 2i| to 48 hours) and blood sam­
ples were collected after inducing general anesthesia, whereas 
the previous workers had obtained portal samples by cannulae. 
It is apparent that the comparative studies reviewed here­
in are not in close agreement. This may be due primarily to 
the different experimental procedures used, such as varied 
fasting intervals, type of diet, and method and site of col­
lecting blood samples. 
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Dietary influences on blood amino acid levels 
Few studies have been reported on the relationship of the 
diet to blood amino acid patterns in ruminants. Brown et al. 
(1961) studied the effect of fasting on the free amino acids in 
the blood of yearling heifers. Blood samples were taken at 2lj.-
hour intervals, beginning 16 hours after feeding and continuing 
until 88 hours. The glycine level increased approximately two­
fold early in the fast. Other compounds showing a significant 
increase with fasting were the aromatic amino acids, ammonia, 
citrulline, ornithine, lysine, valine, threonine, leucine and 
isoleucine. Serine and alanine decreased in concentration, 
while changes in the concentration of other amino acids studied 
were only slight. 
Studies with chicks have shown that fasting usually re­
sulted in an increase in lysine and threonine concentration in 
the blood, whereas the concentration of other plasma amino 
acids usually remained constant or decreased (Charkey et_al0, 
1953, Charkey et_al., 1954; Gray et al., I960). A 48-hour fast 
in humans, however, resulted in a decreased concentration of 
lysine, threonine, methionine, arginine and tryptophan, while 
blood concentrations of leucine and valine increased (Charkey 
et al., 1955). 
Ogilive et al. (i960) studied the influence of protein in­
take and stilbestrol on the free amino acid concentrations in 
the blood of beef cattle. Two trials were conducted (one with 
heifers, the other with steers) in which a basal ration of 
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ground hay, oats and corn was supplemented with 30 milligrams 
of stilbestrol and 2 pounds of soybean oil meal either singly 
or in combination. Blood samples were taken before and after 
a 20-hour fast at 0, 30 and 60 days. Neither level of protein 
nor stilbestrol significantly affected total free amino acid 
content of whole blood or individual plasma amino acids. 
Level of dietary protein has been shown to influence blood 
plasma amino acids in chicks and swine. Olsen et al. (1959) 
noted that as the protein content of purified diets for chicks 
was increased the concentration of blood plasma amino acids 
with a ring structure or a double bond maintained a relatively 
constant level, whereas the concentration of the other plasma 
amino acids exhibited a distinct rise. Ritchey and Richardson 
(1959) conducted a similar study with weanling pigs and ob­
served that 12 of the amino acids studied increased as dietary 
protein was increased from 0 to 15 and 30 percent. The amino 
acids showing the most change in these two studies were not the 
same suggesting a species difference. The latter workers con­
firmed this by comparing blood plasma amino acids in chicks and 
weanling pigs fed identical 15 percent protein diets. Chick 
plasma contained 5 times as much threonine and 9 times as much 
serine as pig plasma. Other differences existed in the blood 
amino acid pattern of the two species. 
Although dietary stilbestrol did not appear to influence 
blood plasma amino acid values in ruminants (Ogilive et al., 
I960), other non-protein constituents have been shown to affect 
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amino acid values in plasma of non-ruminants. Munro and 
Thomson (1952) and Guggenheim et al. (I960) have observed that 
the carbohydrate fraction accompanying protein test meals have 
a marked effect on the response of blood amino acids to dietary 
proteins. In the studies conducted by the latter workers lac­
tose induced the highest lysine peak, fructose the longest dur­
ation of lysine increase, and dextrose depressed the usual rise 
of lysine. Starch, lactose and fructose caused a greater in­
crease in methionine levels than sucrose or dextrose. Other 
workers have observed that several B vitamins were effective in 
altering plasma amino acid levels (Charkey et al., 1950; 
Richardson et al., 1953b). 
Several studies have been conducted with monogastric ani­
mals comparing the influence of ingested proteins or amino 
acids on blood amino acid patterns. In the early part of the 
century Howell (1906) reported that blood amino acid levels of 
do.:s were influenced by ingestion of a meal. Somewhat later, 
it was noted that the response of blood plasma amino acid 
nitrogen was not the same when different amino acids were in­
gested by rabbits (Seth and Luck, 1925; Johnston and Lewis, 
1928; Shambaugh et al. 1931)• 
Hier (1947) investigated the effect of individually feed­
ing excesses of several different amino acids to dogs and 
found that the level of the corresponding amino acid in the 
plasma increased. In most cases a high blood level of one 
amino acid was associated with a decrease in others, but there 
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were a few instances when an increase in one was associated 
with an increase in another. 
Tonkins on et al, (1961) reported that .increases in the 
lysine content of diets fed to turkey poults resulted in an 
increase in the concentration of plasma lysine. They also 
noted that arginine, histidine and glycine concentrations in 
the blood plasma responded readily to changes in the dietary 
level of lysine. Gray et al. (I960) and Hill et al. (1961) 
observed marked decreases in plasma lysine as well as marked 
increases in plasma threonine in chicks receiving lysine-defi-
cient diets as compared to diets adequate in lysine. 
It has been demonstrated that heat treatment of protein 
sources alters their effect on the blood plasma amino acid 
values in rats. Wheeler and Morgan (1958) reported that rats 
fed raw pork exhibited greater increases in blood amino acid 
values at sooner intervals postprandial than rats fed auto-
claved pork. Guggenheim st al. (I960) found that heat treat­
ment of soya protein altered the lysine and methionine values 
in rat blood. 
Almquist (1954) reviewed several experiments with chicks 
to show that there is a high correlation between the free amino 
acid content in the blood and the amino acid content in the 
dietary protein. Data were presented to suggest that a surplus 
or a deficiency of an amino acid in the diet is reflected to an 
exaggerated degree in the blood. He suggested that the free 
amino acids in blood should be considered not only in relation 
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to the diet, but also in relation to the requirement of the 
animal. 
Dent and Shilling (1949) concluded from their results of 
feeding casein to dogs that the rise in concentration of each 
of the amino acids in the portal blood, with the exception of 
glutamic acid, corresponded roughly to the amino acid composi­
tion of the protein fed. These observations are in accord with 
the results reported in similar studies by Denton et al0 (1953) 
and Denton and Elvehjem (1954)• 
Longenecker and Hause (1959) reported that plasma amino 
acid levels in dogs after ingestion of a high protein meal were 
directly dependent upon the amino acid composition of the pro­
tein ingested. This was based on the assumption that the in­
dividual essential amino acids were removed from the blood by 
the body tissues at rates proportional to the amino acid re­
quirements of the dog. 
Recently, Puchal et al, (1962) reported that different 
plasma amino acid patterns were observed in young growing pigs 
for 5 different protein sources studied: dried skim milk, soy­
bean meal, fish meal, cottonseed meal and meat meal. The pat­
terns suggested that although in the over-all picture blood 
plasma free amino acids were a reflection of the amino acid 
composition of the diet, a very strict correlation between any 
one amino acid in the diet and its blood plasma concentration 
could not be established for the growing pig. It should be 
pointed out, however, that the plasma aminograms seemed to 
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reflect the deficiencies and excesses of amino acids in the 
diet. 
Some workers have noted little or no correlation between 
the amino acid composition of the diet and the resulting con­
centration of amino acids. Richardson et al. (1953a) reported 
that methionine additions to chick rations had the same effect 
on certain amino acids in plasma regardless of whether the diet 
was adequate or deficient in methionine» Guggenheim et al. 
(I960) studied the effect of wheat gluten, zein, soya protein, 
casein and lactalbumin on the portal blood plasma levels of 
lysine and methionine. The extent and duration of rise in 
plasma lysine and methionine did not correlate too closely with 
the concentration of the amino acids in the dietary proteins. 
Frame (1958) observed that most of the amino acids in hu­
man systemic blood increased in concentration after a high 
protein meal; however, the changes did not parallel the rela­
tive amino acid composition of the ingested protein. These 
studies did show, however, that the proportions of the differ­
ent amino acids in the plasma after the meal differed from that 
in the fasting state. 
This lack of correlation between blood plasma amino acids 
and dietary amino acids has been postulated by Nasset (1957) 
who concluded that ingestion of a protein stimulates the diges­
tive tract to secrete endogenous protein which becomes mixed 
with the dietary protein to provide an amino acid mixture for 
absorption that remains relatively constant in composition. 
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Nasset et al. (1955) observed that proteins of widely differ­
ent amino acid composition, and even non-protein diets, gave 
rise to amino acid mixtures in the small intestine of rats that 
were proportionately similar„ Differences were noted, however, 
between rats fed different protein sources in the quantity of 
amino acids present in the small intestine. Further support 
for this theory has been recently reported by Twombly and Meyer 
(1961) and Nasset and Su (1961). These workers found that the 
exogenous nitrogen in dogs and rats was diluted several fold by 
endogenous nitrogen. 
It should be recognized that the studies reviewed in the 
previous paragraph were conducted over rather short periods of 
time. Thus, these results may not be representative of the 
amino acid pattern in the digestive tract of animals fed con­
stant diets over longer periods of time. In view of the known 
superiority of some proteins over others for growth and main­
tenance in non-ruminants, some differences must exist between 
protein sources in the absorption of amino acids from the di­
gestive tract* In addition, it is apparent from this litera­
ture review that different dietary regimens, and in particular 
different protein sources may markedly affect the blood plasma 
amino acid pattern of non-ruminant animals. It appears, how­
ever, that blood plasma amino acid levels are a reflection of 
the availability of the amino acids present in the diet rather 
than the amino acid composition of the dietary protein per se. 
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EXPERIMENTAL AND RESULTS 
Growing-Fattening Studies 
The literature reviewed in respect to the comparative val­
ue of protein feeds for ruminants was contradictory, however, 
ample evidence was presented to suggest that all protein feeds 
are not necessarily of equal value in various cattle and lamb 
rations. The investigations of Little (I960) conducted at this 
station indicated that corn gluten meal was inferior as a pro­
tein source for lambs fed semipurified rations. The inferior 
performance noted on corn gluten meal rations was overcome by 
increasing the ration protein equivalent 3 percentage units by 
adding urea to the ration. These urea additions resulted in 
lamb performance equal to that of lambs receiving soybean oil 
meal. Although the com gluten meal-urea rations were not 
isonitrogenous with the corn gluten meal or soybean oil meal 
rations these studies suggested that urea may be of real bene­
fit in improving performance of lambs fed semipurified rations 
containing corn gluten meal. 
The present studies were initiated to study the influence 
of different nitrogen sources on feedlot performance of lambs 
fed semipurified and natural rations, and in particular to 
compare the value of corn gluten meal-urea combinations with 
corn gluten meal and soybean oil meal on an isonitrogenous 
basis. 
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Experimental procedure 
Trial 1 The experimental rations used in this study 
are given in Table 1, By using semipurified rations approxi­
mately 90 percent of the total ration protein equivalent 
(N x 6.25) could be provided by the nitrogen source being stud­
ied. The amount of the nitrogen source included in each ration 
was determined by its nitrogen content and the level of equiva­
lent protein desired in the ration. The nitrogen sources were 
incorporated into the basal ration by substituting the source 
for equal parts of dextrose and starch. In this trial soybean 
oil meal and corn gluten meal were compared in rations contain­
ing 8 and 11 percent protein. The ration containing the corn 
gluten meal-urea combination contained 11 percent protein 
equivalent. 
Thirty western crossbred wether lambs with an average in­
itial weight of 66 pounds were used in this experiment. The 
lambs were drenched with phenothiazine and vaccinated for en-
terotoxemia and contagious ecthyma prior to the start of the 
experiment. Following this the lambs were given a 14-day pre­
liminary period in which they were accustomed to the semi­
purified rations. During the first 7 days of this preliminary 
period the lambs were group fed a limited amount of an equal 
mixture of the soybean oil meal and corn gluten meal rations 
(rations 1 and 3). 
The lambs were then randomly allotted to the 5 treatments 
(Table 1), placed in individual pens, and changed over to their 
26 
Table 1. Percentage compositions of semipurified rations fed 
to lambs in Growth Trials 1 and 2 
Ingredient Ration8-
Basal 1 2 3 4 5 
Corn cobs 19.0 19.0 19.0 19.0 19.0 19.0 
Cellulose*5 19.0 19.0 19.0 19.0 19.0 19.0 
Syrup0 7.0 7.0 7.0 7.0 7.0 7.0 
Corn oil 3.0 3.0 '3.0 3.0 3.0 3.0 
Mineral mixture^ 5.3 5.3 5.3 5.3 5.3 5.3 
Vitamin mixture6 1.0 1.0 1.0 1.0 1.0 1.0 
Corn dextrose 22.5 14.0 10.8 13.9 10.3 13.4 
Corn starch 23.2 14.7 11.4 14.6 10.9 14.1 
Soybean oil meal 
— i7-o 23.5 — — -  -
Corn gluten meal — —  -- -  - 17.2 24.5 17.2 
Ureaf 
- -
—  —  
—  —  1.0 
^Rations 1 and 3 contain approximately 8 percent protein 
equivalent; rations 2, 4 and 5 approximately 11 percente 
^Solka-floc, purified wood cellulose, 
^Composed of 75 percent sucrose and 25 percent water. 
^Composition given in Table 18 of Appendix. 
^Composition given in Table 19 of Appendix. 
^Crystalline, 286 percent protein equivalent. 
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respective experimental rations during the final week of the 
preliminary period. Wood shavings were used for bedding and 
the lambs had access to feed and water at all times. Initial, 
biweekly and final weights for the lambs were taken after a 
12-hour shrink, during which time the animals did not have 
access to feed or water. Duration of the experiment was 44 
days. 
Analyses of variance were conducted by the method of 
Snedecor (1956) and treatment means were tested for signifi­
cance by a multiple range test (Duncan, 1955)• 
Trial 2 Trial 2 was essentially a replicate of Trial 
1; however, the lambs in this study were limited-fed their re­
spective rations instead of being fed ad libitum as in the pre­
vious trial. Feed consumption was limited by the average con­
sumption of the treatment consuming the least feed. Twenty-
five of the heavier lambs used in Trial 1 (weighing an average 
of 80 pounds) were allotted to five outcome groups on the basis 
of previous average daily gains during Trial 1. The lambs from 
each outcome group were then randomly allotted to each of the 
ration treatments shown in Table 1. The lambs were on experi­
ment for 43 days. Other experimental procedures were similar 
to those described for Trial 1. 
Trial 3 Forty crossbred wether lambs weighing approxi­
mately 63 pounds each were randomly allotted to eight ration 
treatments, 5 lambs per treatment. In this study a natural ra­
tion and a semipurified ration were used; each contained 38 
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percent roughage (corn cobs and/or wood cellulose), 11 percent 
protein equivalent, and either soybean oil meal, corn gluten 
meal, urea or a combination of corn gluten meal and urea. The 
basal ration shown in Table 1 was used for the semipurified ra­
tions. Nitrogen sources were substituted for starch and dex­
trose on an isonitrogenous basis. These rations were similar 
to those used in Trials 1 and 2, although the amounts of the 
nitrogen sources included in the rations were different. This 
was due to the nitrogen content of the sources as revealed by 
Kjeldahl analyses. 
The composition of the natural rations fed in this 55 day 
experiment is shown in Table 2. In these rations the nitrogen 
sources supplied 52 to 64 percent of the total ration protein 
(due to varying amounts of corn). Other experimental pro­
cedures were the same as used in Trial 1. 
Trial 4 Fifty-six wether lambs with an average initial 
weight of 63 pounds were randomly allotted to 8 ration treat­
ments with 7 lambs per treatment. The lambs were placed in in­
dividual feeding stalls twice a day for a 2 to 3-hour feeding 
period. During the rest of the day the lambs had free access 
to water and were allowed to exercise in lots adjacent to the 
feeding crates. Prior to starting the lambs on experiment, 
they were maintained for a preliminary period during which time 
they received the drenching and vacination treatments described 
previously. Weighing procedures were conducted as described 
in Trial 1. 
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Table 2. Percentage composition of the natural rations fed in 
Growth Trial 3 
Ingredient Rationa»b 
3 5~ 7 ff 
Ground corn cobs 38.0 38.0 38.0 38.0 
Syrupc 7.0 7.0 7.0 7.0 
Mineral mixtured 2.2 2.2 2.2 2.2 
Ground shelled corn 37.8 35.7 43.2 50.8 
Soybean oil meal 15.0 - - — — —  
Corn gluten meal — 17.1 8.6 
Urea© 
— —  —  1.0 2.0 
aRations contain approximately 11 percent protein equiv­
alent. 
bl,000 I.IJ. of vitamin A and 125 I»U. of vitamin D were 
added per pound of ration. 
^Composed of 75 percent sucrose and 25 percent water, 
^Consisted of 0,6 lb. limestone, 1.1 lb. dicalcium phos­
phate and 0.5 lb. sodium chloride. 
^Crystalline, 286 percent protein equivalent. 
As shown in Table 3> various combinations of soybean oil 
meal, corn gluten meal and urea were fed in this 56-day trial. 
The levels of each nitrogen source were based on a percentage 
of the total ration protein (see Table 7). Forty-eight percent 
of the total ration protein equivalent was furnished by the 
Table 3. Composition of rations fed in Growth Trial 4a 
-
Ingredient Ration 
1 2 3 4 5 6 7 8 
Ground corn cobs 20 .00 20 .00 20. 00 20 .00 20.00 20 .00 20. 00 20. 00 
Cane molasses 7 .00 7 .00 7. 00 7 .00 7.00 7 .00 7. 00 7. 00 
Mineral mixture13 1 .50 1 .50 le 50 1 .50 1.50 1 .50 1. 50 1. 50 
Trace minerals0 0 o 20 0 .20 0o 20 0 .20 0.20 0 .20 0. 20 0. 20 
Aurofac 10& 0 ol0 0 .10 0. 10 0 .10 0.10 0 .10 0. 10 0. 10 
Ground shelled corn 45 .00 45 .00 45. 00 45 .00 45.00 45 .00 45. 00 45. 00 
Corn glucose 8 .05 8 .91 12. 32 8 .47 8.48 9 .25 9. 93 9. 00 
Corn starch 8 .05 8 .91 12. 32 8 .47 8.48 9 .25 9. 93 9. 00 
Soybean oil meal 10 .10 — — 9 .10 5.05 — 3. 01 
Corn gluten meal -
-
8 .38 — — - 4.19 7 .54 5. 87 5. 03 
Urea, crystalline -- - 1. 56 0 .16 — —  0 .16 0. 47 o. 16 
*1,000 IeU6 vitamin A and 125 I.U. vitamin D added per pound of ration. 
^Consists of dicalcium phosphate, 0.75 lb; limestone, 0.25 lb.; and NaCl, 0.50 
lb. 
cFurnishes 95 mg* Fe, 8 mg. Mn, 2 mg. Zn, 1 mg. Cu and 0.03 mg. Co per pound of 
ration. 
^This amount furnishes 10 mg. aureomycin per pound of ration. 
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nitrogen sources studied. These rations contained a total of 
9 percent protein equivalent. The nitrogen sources were sub­
stituted for dextrose and starch. Therefore, the amount of 
corn as well as the amount of protein equivalent from each 
source was constant. 
Trial 5 The experimental procedure was the same as 
described in Trial 1. Forty wether lambs weighing approximate­
ly 67 pounds were allotted to the 8 ration treatments shown in 
Table 8. The semipurified basal ration used in the previous 
studies (Table 1) was used in this trial. The various levels 
of urea, soybean oil meal and corn gluten meal were substituted 
for dextrose and starch. Urea was substituted for corn gluten 
meal protein on a protein equivalent basis at the rate of 6, 13 
and 27 percent of the total ration protein; soybean oil meal 
protein was substituted for corn gluten meal protein at the 
rate of 13 and 27 percent of the total protein. The 27 percent 
level of urea corresponds to the level used in Trials 1, 2 and 
3. 
Results and discussion 
Average daily gain and feed consumption were used as the 
criteria for evaluating lamb performance in these studies. 
Data on feed per unit gain have not been presented since the 
failure of some lambs to make positive gains during these ex­
periments invalidated this measure. Statistical analyses of 
these five growing-fattening trials are given in the Appendix.-
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Table 4» Performance of fattening lambs fed semipurified ra­
tions with different levels and sources of nitrogen 
(Growth Trial 1) 
6 lambs/treatment8- Av. daily Av. daily 
44 day experiment gain (lbs.) feed (lbs.) 
1. Soybean oil meal, 8% protein .36 2.96 
2. Soybean oil meal, 11 fo protein .38 2.98 
3. Corn gluten meal, 8% protein .10 2.18 
4. Corn gluten meal, 11% protein .14 2.17 
£. Corn gluten meal-urea, 11% protein .32 2,74 
aDue to feed refusal only 5 lambs on treatment 3. 
The results of Trial 1 appear in Table 4» The level of 
protein used in this study did not appreciably affect perform­
ance of lambs receiving corn gluten meal or soybean oil meal. 
Lambs receiving the soybean oil meal rations consumed more feed 
and gained at a faster rate than those receiving corn gluten 
meal as the only source of protein (P< O.Oj?). Addition of urea 
to corn gluten meal, to provide 27 percent of the total ration 
protein equivalent, markedly increased gains and tended to in­
crease feed consumption over lambs receiving corn gluten meal 
alone as the protein source. The performance of lambs receiv­
ing the corn gluten meal-urea combination was similar to lambs 
fed soybean oil meal. 
In Trial 1, feed consumption was much greater for the 
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Table 5. Performance of fattening lambs limited-fed semi­
purified rations with different levels and sources 
of nitrogen (Growth Trial 2) 
5 lambs/treatment^ Av. daily Av. daily 
43 day experiment gain (lbs.) feed (lbs.) 
1. Soybean oil meal, 8$ protein .13 1.89 
2. Soybean oil meal, 11$ protein .13 1.89 
3. Corn gluten meal, 8# protein 
oo O
 1.87 
4. Corn gluten meal, 11% protein - .07 1.88 
5. Corn gluten meal-urea, 11$ protein .13 1.89 
aDue to feed refusal only 4 lambs on treatment 3» 
lambs receiving soybean oil meal rations or the corn gluten 
meal-urea combination. To rule out the possibility that this 
difference was the principal reason for the superiority of soy­
bean oil meal as compared to corn gluten meal, the lambs in 
Trial 2 were limited fed. Lambs on the 8 percent corn gluten 
meal ration (Trial 2) would not consume as much feed as lambs 
on the other rations and thus limited the feed of all lambs to 
approximately 1.9 pounds daily. The results of Trial 2, shown 
in Table 5# are quite similar to those in Trial 1. Although 
treatment differences were not significant at the 0.05> level of 
probability the daily gain of lambs fed soybean oil meal was 
almost twice that of lambs receiving corn gluten meal. As in 
the previous trial, the corn gluten meal-urea combination was 
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Table 6. Performance of fattening lambs fed semipurified or 
natural fattening rations with different sources of 
nitrogen (Growth Trial 3) 
5 lambs/treatmenta Av. daily Av. daily 
55 day experiment gain (lbs.) feed (lbs.) 
Semipurified ration 
1. Soybean oil meal .49 3.44 
2. Corn gluten meal 
.45 3.02 
3. Corn gluten meal-•urea .40 2.96 
4. Urea .22 2.40 
Natural ration 
5. Soybean oil meal .40 2.90 
6. Corn gluten meal .41 2.76 
7« Corn gluten meal-urea .36 2.67 
8. Urea .18 2.24 
aDue to feed refusal only 4 lambs on treatment 3» 
equal to soybean oil meal in promoting gains. 
The results of Trial 3 are given in Table 6. In contrast 
to Trials 1 and 2, lambs receiving corn gluten meal performed 
equally as well as lambs fed soybean oil meal or corn gluten 
meal and urea. This inconsistency is difficult to explain 
since this pattern was apparent in both natural and purified 
rations. Performance of lambs fed urea was much inferior to 
lambs receiving the other nitrogen sources (P< 0.05). It was 
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Table 7. Performance of lambs fed natural rations with dif 
ferent sources of nitrogen (Growth Trial 1|.) 
7 lambs/treatment8»^ 
56 day experiment 
Avo daily 
gain (lbs.) 
Av. daily 
feed (lbs.) 
1. Soybean oil meal(SBOM)(48$) 0 C
\J 
2.01 
2. Corn gluten meal(CGM)(48$) .17 1.94 
3. Urea(48$) .15 1.85 
4. SBOM(43$)-urea(5$) .19 2.05 
5. SB0M(24$)-CGM(24$) .30 2,34 
6. CGM(43$)-urea(5$) .13 1.82 
7. CGM(34$)-urea(l4$) .12 1.70 
8. CGM(29$)-SBOM(14$)-urea(5$) .21 1,96 
aDue to feed refusal only 6 lambs on treatments 3» 6 and 
8. 
^Figures in parentheses denote percent of total protein 
equivalent in ration furnished by the particular source0 The 
rations contained a total of 9 percent protein equivalent. 
interesting to note that performance of lambs fed the semi­
purified ration was superior to those fed the natural ration 
(P<0.05), suggesting that the semipurified basal ration used 
in these studies was adequate in non-protein factors for lamb 
growth. 
Performance of the lambs in Trial 4 was poor, as will be 
noted in the values for daily gain and feed consumption (Table 
7). It is possible that physiological factors such as stress 
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or disease may have been limiting to a greater extent than 
nutritional factors in this trial. The nearly equal perform­
ance of lambs fed urea with those fed soybean oil meal, corn 
gluten meal or the corn gluten meal-urea combination was not in 
keeping with the superior performance noted with these latter 
sources in the natural rations fed in Trial 3» The inclusion 
of equal parts of soybean oil meal and corn gluten meal nitro­
gen in these rations resulted in the best performance in this 
trial. Lambs receiving some soybean oil meal in the ration 
gained somewhat faster than lambs on the other rations. 
The results of Trial 5 are shown in Table 8. Performance 
of lambs receiving soybean oil meal (ration 1) was superior 
(P<0.0£) to lambs receiving corn gluten meal or urea (rations 
2 and 3)» The incorporation of soybean oil meal into corn glu­
ten meal rations resulted in improved performance which ap­
proached that of lambs fed soybean oil meal as the only source 
of protein. However, the use of urea in corn gluten meal ra­
tions at any of the levels used did not improve performance 
over that of com gluten meal alone. 
The results of the first two feeding trials indicated that 
soybean oil meal was superior to corn gluten meal in semipuri­
fied rations not only at marginal protein levels but when com­
pared in semipurified rations containing adequate quantities of 
protein. These results also indicated that a combination of corn 
gluten meal and urea was superior to com gluten meal and approx­
imately equal to soybean oil meal when these sources were 
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Table 8. Performance of fattening lambs fed semipurified ra­
tions with different sources of nitrogen (Growth 
Trial 5) 
5 lambs/treatmenta>b 
56 day experiment 
Av, daily 
gain (lbs.) 
Av. daily 
feed (lbs.) 
1. Soybean oil meal(SBOM)(94$) 
.35 2.84 
2. Corn gluten meal(CGM)(94$) .21 2.15 
3. Urea(94#) .14 2.02 
4. CGM(88$)-urea(6$) .21 2.18 
5. CGM(8l$)-urea(13$) .20 2.26 
6. CGM(67$)-urea(27$) .17 2.42 
7. CGM(8l$)-SBOM(13$) 
CO CX
I 
2,58 
8. CGM(67$)-SB0M(27$) .29 2.78 
aDue to feed refusal only 4 lambs on treatment 4? 3 on 
treatment 6» 
^Figures in parentheses denote percent of total protein 
equivalent in ration furnished by the particular source. The 
rations contained a total of 9 percent protein equivalent, 
incorporated into semipurified rations on an equal nitrogen 
basis. Comparison of the results obtained in Trials 1 and 2 
suggest that these differences between soybean oil meal and 
corn gluten meal were due to the sources per se and not to dif­
ferences in feed consumption. 
Semipurified rations containing corn gluten meal were in­
ferior to similar rations containing soybean oil meal in every 
study except Trial 3. This is difficult to explain. The corn 
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gluten meal used in Trial 3 was from a different manufacturing 
source than the meals used in the other trials and might have 
been superior in some manner to the other meals. Availability 
of nitrogen, as measured by solubility in dilute alkali, has 
been suggested as one reason for the inferiority of com glu­
ten meal to soybean meal (Little, I960). Analyses for the per­
cent of the total nitrogen soluble in 0.02N NaOH (Lyman et al. 
19^3) were made on the corn gluten meal and soybean oil meal 
sources used in each of the growing-fattening studies. The re­
sults of these analyses indicated that the corn gluten meals 
contained 31 percent soluble nitrogen; soybean oil meals, 88 
percent, with only a small range of variability between samples. 
This would suggest that the corn gluten meal used in Trial 3 
was superior in some other factor(s) than soluble nitrogen. 
It should be noted that nitrogen soluble in dilute alkali is 
not necessarily a good criterion of the nitrogen available for 
rumen fermentation, although some correlation appears to exist 
between the two (Little, I960). 
Lambs receiving semipurified rations containing the corn 
gluten meal-urea combination exhibited similar performance to 
those receiving soybean oil meal except in Trial 5, The total 
ration protein was only 9 percent in this trial. It may be 
that the level of natural protein (corn gluten meal) was sub­
minimal in this instance. Little (I960) noted that feed con­
sumption and consequently performance of lambs fed similar 
semipurified rations decreased as ration content of natural 
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feeds decreased. 
Urea tended to be inferior to the natural protein sources 
in both natural and semipurified rations. The various com­
binations of soybean oil meal and corn gluten meal appeared to 
be approximately equal to soybean oil meal in both semipurified 
and natural rations. 
A summary of the performance of lambs fed soybean oil 
meal, corn gluten meal, or corn gluten meal and urea in the 
five growth trials is presented in Table 9. It is evident that 
the performance of lambs fed semipurified rations containing 
soybean oil meal was superior to lambs fed corn gluten meal. 
The corn gluten meal-urea combination appeared to be somewhat 
superior to corn gluten meal and approached the value of soy­
bean oil meal. 
Performance of lambs fed natural rations was similar for 
the three treatments. Urea additions to corn gluten meal in 
these natural rations were not beneficial, in fact, these add­
itions tended to lower performance of lambs receiving the nat­
ural protein supplements. The superior performance of lambs 
fed the semipurified rations over those fed natural rations in 
Trial 3 suggests that the semipurified basal ration used in 
these studies was adequate in non-protein constituents for good 
lamb growth. It seems plausible then that the corn in these 
natural rations may have contributed to improved utilization 
of the corn gluten meal in these rations.- -
There is some evidence to indicate that com does play a 
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Table 9. Summary of trials in which lambs were fed soybean oil 
meal, corn gluten meal or a corn gluten meal-urea 
combination as the principal nitrogen sources 
Ration treatment Observations ' Av. daily Av. daily 
gain (lbs.) feed (lbs.) 
Semipurified rationa 
Soybean oil meal 32 .31 2.62 
Corn gluten meal 30 .18 2.22 
Corn gluten meal-urea*5 18 .26 2.50 
Natural ration0 
Soybean oil meal 12 .28 2.38 
Corn gluten meal 12 .27 2.28 
Com gluten meal-urea^ 18 .19 2,01 
aFour trials. 
kIncludes only those rations in which urea provided ap­
proximately 27 percent of the protein equivalent in the ration. 
°Two trials. 
^Urea provided 5» 14» and 27 percent of the protein 
equivalent in the rations compared here. 
role in the utilization of com gluten meal in natural rations. 
Woods-* fed lambs soybean oil meal or corn gluten meal in high 
1Woods, W0Ro Iowa State University, Ames, Iowa. Effect 
of artificial drying temperatures for corn on lamb performance. 
Personnal communication. 1962. 
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corn rations in which the corn had been subjected to various 
drying temperatures e In rations containing air-dried corn, no 
differences were noted between performance of lambs fed soybean 
oil meal or corn gluten meal; however, on three rations in 
which the corn was artificially dried between 110 and 240°P the 
lambs fed soybean oil meal gained more rapidly and were more 
efficient in feed utilization than lambs receiving similar corn 
rations supplemented with corn gluten meal. 
Summary 
Comparisons were made of the value of supplementing semi­
purified or natural rations with soybean oil meal, corn gluten 
meal, urea or various combinations of these nitrogen sources 
in five lamb feeding trials. Soybean oil meal was superior to 
corn gluten meal as a protein source for lambs when incorporat­
ed into semipurified rations but not in natural rations. Corn 
gluten meal tended to be superior to urea as a nitrogen source 
for lambs when incorporated into either semipurified or natu­
ral rations. Urea supplementation of semipurified rations con­
taining corn gluten meal gave variable results, but in general 
a combination of corn gluten meal and urea was superior to corn 
gluten meal alone and approached the value of soybean oil meal. 
Urea supplementation of natural rations containing corn gluten 
meal did not improve growth performance. Lambs fed combina­
tions of soybean oil meal and corn gluten meal in either nat­
ural or semipurified rations performed similarly to lambs 
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receiving soybean oil meal alone0 
Digestibility and Nitrogen Balance Studies 
In the previous growing-fattening studies soybean oil meal 
and corn gluten meal were not of equal value as protein sources 
in semipurified rations for promoting lamb growth. The in­
corporation of a small amount of urea into the corn gluten meal 
rations usually resulted in a marked improvement in lamb per­
formance which was almost equal to that obtained with soybean 
oil meal rations. The following studies were conducted to com­
pare the influence of these nitrogen sources, soybean oil meal, 
corn gluten meal, and corn gluten meal-urea, on ration digesti­
bility and nitrogen retention in lambs. 
Experimental procedure 
Trial 1 Eighteen of the lambs used in Trial 1 of the 
previous growth studies were used in this study. The lambs, 
weighing approximately 77 pounds, were fed a constant amount 
(908 grams) of their respective rations from the previous 
growth trial for 7 days. Then they were placed in steel 
stanchion type metabolism stalls (patterned after those des­
cribed by Briggs and Gallup, 1949) for a 7-day preliminary 
period, which was followed immediately by a 7-day collection 
period. The daily allowance of the ration was 908 grams fed in 
equal portions twice daily. The composition of the rations fed 
was identical to rations 1, 3, 4 and 5 shown previously in 
Table 1. The nutrient composition of these rations is given 
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Table 10. Percentage nutrient composition of rations fed in 
Metabolism Trials 1 and 2a 
Ration*3 Dry 
matter 
Organic 
matter 
Protein Cellulose 
Trial 1 
1. Soybean oil meal, 8% 92.6 85.7 8.8 31.0 
3. Corn gluten meal, 8% 93-0 86.8 7.4 30.3 
4. Corn gluten meal, 11% 93.4 87.2 10.6 31.3 
5. Corn gluten meal-urea, Ufa  92.3 86.3 10.3 31.4 
Trial 2 
2. Soybean oil meal, 11% 90.8 83.9 11.6 31.2 
4. Corn gluten meal, 11% 91.3 85.6 11.0 31.7 
5. Corn gluten meal-urea, 11% 90.8 85.0 10.8 30.9 
^Determinations based on air dry basis. 
^Percentage figures denote the calculated protein equiv­
alent in the total ration. 
in Table 10. Through some unknown error, results of the pro­
tein analyses did not agree too closely with the calculated 
composition of these rations. 
During the collection period the urine was filtered 
through glass wool and collected in glass jugs containing suf­
ficient HOI to maintain acidity. The daily urine collection 
was diluted with water to a constant volume and 5 percent 
aliquot samples were taken for analyses. The daily aliquot 
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samples were composited and stored under refrigeration until 
analyzed for nitrogen. 
The feces were collected daily and dried in a forced air 
oven at approximately 70°C for 24 to 48 hours. The total 7-day 
fecal collection was allowed to equilibrate with the air until., 
a constant weight was reached. The feces were then mixed, 
sampled and ground for analyses. Cellulose was determined by 
the method of Crampton and Maynard (1938). Accepted methods of 
the Association of Official Agricultural Chemists (1955) were 
used for the other determinations. Statistical analyses of 
the data were conducted in the same manner as in the previous 
growing-fattening studies (Snedecor, 1956; Duncan, 1955)• 
These analyses appear in Table 25 in the Appendix. 
Trial 2 The experimental procedure was similar to that 
described in Trial 1. Fourteen of the lambs used in Trial 2 
of the previous growing-fattening studies were used in this 
study. The lambs weighed approximately 85 pounds and were fed 
800 grams of their respective rations from the previous growth 
trial for a 10-day preliminary and a 7-day collection period. 
The composition of the rations fed was identical to rations 2, 
4 and 5 in Table 1. The nutrient composition of the rations is 
shown in Table 10. 
Results and discussion 
The digestibility and nitrogen balance data obtained in 
Trial 1 are shown in Table 11. In comparing the low nitrogen 
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Table 11. Digestibility and nitrogen balance data obtained 
from lambs fed semipurified rations containing 
different nitrogen sources (Metabolism Trial l)a 
Component Treatments 3^»0 
Low nitrogen High nitrogen 
SB0M(1) CGM(3) CGM(4) CGM-urea(5) 
Digestibility, % 
Dry matter 71.8 69.6 69.3 72.3 
Organic matter 72.7 70.1 69.8 73.0 
Protein 66.5 63.0 71.8 71.6 
Cellulose 59.8 48.5 51.6 59.9 
Nitrogen balance^ 
Nitrogen intake, gm. 12.7 10.8 15.6 15.1 
Fecal nitrogen, gm. 4.3 3.9 4.3 4.2 
Urinary nitrogen, gm. 5.8 4.6 8.2 8.7 
Nitrogen retained, gm. 2.6 2.2 3.1 2.2 
% of intake 20.6 20.6 19.8 14.3 
% of absorbed 31.2 32.6 27.4 20.0 
aBecause of feed refusal these are averages, from left to 
right, of St 4» 4 and 5 lambs per treatment, respectively. 
^SBOM indicates soybean oil meal; CGM, corn gluten meal. 
°Values in parentheses represent treatment number referred 
to in Growth Trial 1 (Table 4)• 
^Average of only 4 lambs on treatment 5; one sample lost. 
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rations, the protein in the soybean oil meal ration was digest­
ed to a greater extent than the protein in the corn gluten meal 
rations (P<0.05). In addition, digestibility of cellulose 
tended to be greater in the soybean oil meal rations than in 
the corn gluten meal rations. There were essentially no dif­
ferences in digestibility of dry matter or organic matter, or 
in nitrogen retention between the two low nitrogen rations. 
A comparison of the higher nitrogen rations indicated that 
no apparent differences existed in digestibility of dry matter, 
organic matter or protein between the corn gluten meal and corn 
gluten meal-urea combination. Due to large variation between 
animals, the apparent differences noted between these two ra­
tions in cellulose digestibility and nitrogen retention were 
not significant at the 0,05 level of probability. 
The results of trial 2 are presented in Table 12, There 
were essentially no differences in digestibility of the ration 
components between the three treatments. Nitrogen retention 
for the lambs receiving soybean oil meal appeared to be some­
what increased over lambs fed the other rations. 
The improved protein digestibility of the soybean oil meal 
ration noted in the first trial was not demonstrated in the 
second trial. The former observation was probably due to the 
higher level of ration protein in the soybean oil meal ration 
as compared to the corn gluten meal ration. The differences 
in improved growth performance noted previously with the three 
rations studied here were not satisfactorily explained on the 
47 
Table 12. Digestibility and nitrogen balance data from lambs 
fed semipurified rations containing different 
nitrogen sources (Metabolism Trial 2)a 
Component Treatments*3 »c 
SB0M(2) GGM(U) CGM-urea(5) 
Digestibility, % 
Dry matter 73.2 72.3 72.4 
Organic matter 73.4 72.8 72.5 
Protein 76.5 75.3 75.0 
Cellulose 59.7 60.0 57.8 
Nitrogen balance 
Nitrogen intake, gm. 14.9 14.1 13.8 
Fecal nitrogen, gm. 3.5 3.5 3.4 
Urinary nitrogen, gm. 8.1 8.3 8.0 
Nitrogen retained, gm. 3.3 2.3 2.4 
% of intake 22.2 16.6 17.4 
% of absorbed 29.0 21 o 8 23.1 
^Because of feed refusal these are averages, from left to 
right, of 5» 5> and 4 lambs per treatment, respectively, 
bSBOM indicates soybean oil meal; CGM, corn gluten meal. 
^Values in parentheses represent treatment number referred 
to in Growth Trial 2 (Table 5). 
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basis of ration digestibility and nitrogen retention in these 
studies. It should be noted, however, that considerable animal 
variation within treatments existed in these metabolism trials. 
Little (I960) also noted no difference in nitrogen retention 
or digestibility of protein between lambs fed soybean oil meal 
or corn gluten meal rations; however, he did report a marked 
difference in cellulose digestibility in favor of lambs fed 
soybean oil meal. 
Summary 
Two metabolism studies were conducted with lambs to com­
pare the influence of soybean oil meal, corn gluten meal and 
a combination of com gluten meal and urea on nitrogen reten­
tion and ration digestibility. There were no consistent dif­
ferences between rations containing these three protein sources 
in any of the components measured. 
Blood Plasma Amino Acid Studies 
Results of the feeding trials presented earlier in this 
dissertation indicated that different nitrogen sources were not 
of equal value in semipurified rations for promoting lamb 
growth. These differences could not be satisfactorily explain­
ed from the results of digestibility and nitrogen balance 
studies. It appeared that other techniques were needed to 
clarify the role played by different nitrogen sources in lamb 
fattening rations. 
The results of McDonald (1954) and McDonald and Hall 
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(1957) have suggested that the extent of conversion of dietary 
protein to microbial protein may differ considerably with-dif­
ferent proteins. McDonald (1952) and Lewis et al. (1957) have 
demonstrated that a considerable loss of dietary nitrogen may 
occur by absorption of ammonia from the rumen of lambs fed cer­
tain diets. 
If the amount of dietary nitrogen degraded and converted 
into microbial protein, as well as the amount of ammonia ab­
sorbed from the rumen, varies with different nitrogen sources, 
such differences could conceivably be reflected in the quantity 
and proportion of amino acids absorbed from the gastrointesti­
nal tract. It was felt that an index of the amino acids ab­
sorbed could be obtained by determining blood plasma amino acid 
levels in lambs. It was anticipated that these studies might 
aid in evaluating the different growth promoting qualities of 
the nitrogen sources fed in the previous feeding trials. 
These present studies were initiated to study the rela­
tionship of free amino acids in portal and jugular blood plasma 
with time after feeding, and to compare blood plasma amino acid 
levels in lambs fed semipurified rations containing different 
nitrogen sources. 
Experimental procedure 
Comparison of portal and .jugular blood plasma amino acids 
In these experiments blood samples for amino acid analysis were 
obtained concurrently from the portal and jugular veins of 
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three lambs at various intervals after feeding. Jugular blood 
was obtained by venous puncture while portal blood was obtained 
from a catheter. The surgical procedure for establishing the 
portal vein catheters was patterned in part after the method 
used by Conner and Fries (I960) in dairy calves, and is de­
scribed in detail in the Appendix. The lambs were allowed 6 to 
7 days to recover from the operation prior to sampling. The 
lambs were quite weak immediately following the operation. 
Some feed was consumed on the day following the operation and 
by the second or third day the lambs appeared healthy and vig­
orous, and had regained normal appetites. 
The lambs received 1.25 pounds of a soybean oil meal ra­
tion containing approximately 8 percent protein (ration 1 in 
Table 1) twice daily for 30 days prior to the operation. After 
the operation, this same amount of feed was given to the lambs 
as soon as they would consume it. 
On the evening prior to the day of sampling, the lambs 
were given 1.25 pounds of the soybean oil meal ration (16 hours 
prioi to taking the first blood sample). Two hours later, the 
remainder of the ration not consumed was force fed to the ani­
mal, Water was added to the ration and the resulting slurry 
was administered by stomach tube. This same feeding procedure 
was practiced after obtaining the 0-hour blood samples. The 
feed remaining after the 2-hour period was usually about one-
half of that given initially. The lambs did not receive any 
additional feed during the 24-hour sampling period; however, 
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water was available at all times. 
Blood samples were taken at 0, 2, 4, 6, 8, 10, 12 and 21). 
hours after feeding. Samples from each of the 3 lambs were 
pooled to provide for analysis one sample of portal plasma and 
one sample of jugular plasma for each of the 8 sampling hours. 
Samples were prepared for analysis by a method similar to that 
of Stein and Moore (1954)• The concentration of the amino 
acids in these samples was determined by ion exchange chroma­
tography by a modification of the procedure described by Moore 
et al. (1958). Details of the procedure used for sample prepa­
ration and analysis are given in the Appendix. The minimum 
amount of amino acid that could be detected with this procedure 
was approximately 0.03 micromoles. As shown in Table 26 in the 
Appendix, the recovery of the various amino acids varied from 
92 to 105 percent ant the results of duplicate determinations 
were quite reproducible. 
A representative chromatogram of the blood plasma ninhy-
drin-positive components determined in these studies is shown 
in Figure 1. Phenylalanine and tyrosine were not separated in 
this procedure; the other components were well separated in­
itially, but after the column had been used for several months 
the separation became less well defined. 
Two unidentified peaks occurred in every sample of sheep 
blood determined, whether of portal or jugular origin, irre­
spective of dietary protein source. One peak followed the 
emergence of lysine and was closely associated with it; the 
I 
Figure le Chromât ogram of the ninhydrin-positive components of pro­
tein-free blood plasma of lambs. Chromatography was 
carried out on a 2l| x 1.1 cm. column of Amberlite CG-120 
using a 0.38N sodium citrate buffer (pH 4<>64) at 30°c 
(modification of the technique described by Moore et al., 
1958). 
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second peak followed histidine. Chromatography of alpha-
aminobutyric acid, allohydroxylysine, ethanolamine, tryptophan, 
diaminopimelic acid, beta-alanine and glucosamine indicated 
that the unknown peaks were not due to any of these compounds. 
The unknown peak emerging with the lysine peak could not 
be entirely separated from lysine by varying the pH of the 
eluent from 4*4 to 5.5» although sharper separation occurred 
with increasing pH. Lysine emerged as a very sharp peak, when 
standard solutions of amino acids were eluted from the column. 
The addition of a known amount of lysine to a plasma sample 
increased the peak attributed to lysine but had no appreciable 
effect on the adjacent unknown peak. Thus, it would seem that 
the double peak in the vicinity of lysine emergence was due to 
the emergence of lysine plus an unknown component and not to 
poor separation of lysine. 
Comparison of free amino acids in plasma of lambs fed dif­
ferent nitrogen sources The lambs used in this study were 
the same as those on treatments 2, 4 and 5 in Trial 2 of the 
growing fattening studies, and those on treatments 1, 2 and 3 
in Trial 5 of these same studies. Blood specimens were obtain­
ed by jugular puncture at the end of the respective feeding 
trials. Feed and water were withheld for a 12-to 14-hour peri­
od overnight prior to sampling. The blood from the lambs on 
each treatment was pooled to make a composite sample for an­
alysis. Procedures used for sample preparation and analysis 
were the same as described previously. 
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Results and discussion 
As shown in Table 13, the concentration of amino acids in 
portal blood plasma was greater for each of the amino acids 
studied than in plasma of jugular blood. However, when the 
concentration of these amino acids was expressed as a percent 
of the total amino acid concentration, the values were quite 
similar. It should be noted here that due to certain assump­
tions, the values presented for the acidic amino acids are not 
necessarily the actual values present in the plasma samples; 
however, they should be proportional to the actual values. The 
assumptions made in determining these values are given in the 
Appendix, Values for the other components determined represent 
the actual values within the sensitivity of the procedure used. 
The amino acid levels in portal and jugular blood plasma 
at various hours after feeding are shown in Table li|. The con­
centration in jugular blood plasma seemed to parallel that in 
portal blood plasma, although in general the concentration was 
greater in the portal samples at all sampling hours. When cal­
culated as a percent of the total amino acids (data are not 
presented) the amino acid patterns in both portal and jugular 
blood plasma were similar to the actual values expressed in 
micromoles. 
The close relationship of the portal and jugular values 
for the total amino acids, lysine, and arginine are shown 
graphically in Figures 2 and 3» These three components ex­
hibited similar patterns : a decrease in concentration from 0 
Table 13. Comparison of portal and jugular plasma free amino acid valuesa 
Amino acid Micromoles/100 milliliters Percent of total amino acids 
Portal Jugular Portal Jugular 
Acidic amino acids 208.4 196.1 81.15 81.81 
Phenylalanine-tyrosine 10.5 9.4 4.09 3.92 
Ornithine 8.5 7.2 3.31 3.00 
Lysine 11.7 9.9 4.56 4.13 
Histidine 7.5 7.0 2.92 2.92 
Arginine 10.3 10.1 4.01 4.21 
aEach value represents the average of eight samples obtained at 0, 2, 4» 6, 8, 
10, 12 and 24 hours postprandial. 
Table li|. Portal and jugular blood plasma amino acids of lambs at various hours 
after feeding a soybean oil meal ration8-
Component Plasma^ Hours postprandial 
0C 2° 4 6 8 10 12 24 
Acidic amino acids P 230,9 220.2 187.8 190.9 204.1 199.9 194.3 239.1 
J 188.6 214.0 175.6 160.5 209.7 210.1 206.4 204.1 
Phenylalanine-tyrosine P 11.7 10.8 9.6 8.9 11.0 8.8 9.8 13.4 
J 8.9 10.3 8.2 7.8 10.1 9.2 10.3 10.8 
Orni thine P 8.8 8.0 8.2 8.2 8.8 8.8 7.2 9.7 
J 5-8 7.1 7.2 6.9 6.9 7.8 7.8 8.3 
Lysine P 14,1 12.2 8.3 8.9 13.4 11.0 10.8 14.9 
J 8.2 10.5 7.2 8.7 10.7 9.9 9.7 14.0 
Ammonia P 74.8 6l06 60,1 57.8 134.0 67.8 60,9 69,0 
J 36.0 36.4 44.5 59.0 60.2 45-2 52.6 40.8 
Histidine P 6.8 6.6 5.7 5.9 13.9 6.6 7.9 6.3 
J 6.4 6.5 6.1 7.7 6.8 6.9 7,7 7.7 
Arginine P 14.9 10.8 7.5 6.6 10.1 8.6 10.8 13.0 
J 11.0 11.3 6.8 8.9 8.8 9.7 10.0 14.2 
Total amino acids P 287.2 268,6 227.1 229.4 261.3 243.7 240.8 296.4 
J 228.9 259.7 211,1 200.5 253.0 253.6 251.9 259.1 
^Expressed in micromoles per 100 milliliters of jugular blood plasma, 
bp denotes portal; J, jugular. 
cValues based on two chromatographic determinations ; values for other hours 
based on one determination. 
Figure 2. Concentrations, in micromoles (uM), of lysine and the total 
amino acids in portal and jugular plasma of lambs at 
various hours after feeding 1.25 lb. of a semipurified ra­
tion containing soybean oil meal. 
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Figure 3» Concentrations, in micromoles (uM), of hlstidine and 
arginine in portal and jugular plasma of lambs at various 
hours after feeding 1,25 lb, of a semipurified ration con­
taining soybean oil meal. 
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to 4 hours postprandial, and then an increase to about the 0-
hour level at approximately 8 to 10 hours after feeding. 
The concentration of histidine (Figure 3) and ammonia 
(Figure 4) in portal plasma increased markedly at 8 hours after 
feeding, but these changes were not reflected to any appreciable 
extent in the corresponding jugular sample. No indication of 
increased absorption from the digestive tract was noted for the 
other components studied. 
With the exception of histidine, the concentration of all 
the amino acids tended to increase with time ; this was espec­
ially noticable at 24 hours postprandial. This increase was 
more predominant in portal blood plasma and thus a greater dif­
ference was generally noted between portal and jugular values 
at 24 hours postprandial than at other sampling hours. 
The average amino acid values for each of the 8 samples of 
portal and jugular plasma were compared with those taken at 12 
hours after feeding (Figure 5). The pattern established at 12 
hours seems quite representative of the average pattern obtain­
ed for these six amino acids. The correlation between the con­
centration of amino acids in jugular and portal blood plasma 
samples appeared quite high at 12 hours postprandial. 
The concentration of the free amino acids in the jugular 
blood plasma of lambs fed different nitrogen sources is shown 
in Table 1$. Although the concentration of total free amino 
acids and ammonia was similar for the lambs fed the different 
sources, the concentration of individual amino acids varied 
Figure 1+. Concentrations, in micromoles (uM), of ammonia in portal 
and jugular plasma of lambs at various hours after feed­
ing I»25 lb. of a semlpurified ration containing soybean 
oil meal. 
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Figure Comparison of average portal and jugular free 
amino acid values of lambs with those taken at 
12 hours after feeding a soybean oil meal ra­
tion. 
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Table 15. Concentrations of plasma free amino acids in lambs fed semipurified ra­
tions containing different nitrogen sources8-
Component Growth Trial 2b»c Growth Trial 5b, d 
SB0M(2) CGM(4) CGM-urea(5) SBOM(l) CGM(2) UreaI3)e 
Acidic amino acids 283.3 299.0 320.5 257.8 252.2 263.0 
Phenylalanine-tyrosine 15.3 20.2 18.7 14.6 20.9 12.8 
Ornithine H
 
O
 
•
 H
 8.8 7.3 12.6 8.5 10.9 
Lysine 14.5 9.9 7.7 15.8 9.0 19.5 
Ammonia 58.4 62.4 46.3 50.1 60.4 54.8 
Histidine 10.6 12.6 H
 
H
 
.
 
O
 
8.1 7.8 CD
 
•
 
Arginine 12.8 11.8 H.4 13.5 13.7 llo9 
Total amino acids 34^.6 362.3 376.6 322.4 312.1 326.8 
^Expressed in micromoles per 100 milliliters of jugular blood plasma. 
bSB0M indicates soybean oil meal; CG-M, corn gluten meal. 
cValues in parentheses represent treatment number referred to in Table 5. 
^Values in parentheses represent treatment number referred to in Table 8. 
6Values based on two chromatographic determinations ; values for other sources 
based on one determination. 
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considerably between lambs receiving the different sources. 
It was interesting to note that the patterns for lambs fed soy­
bean oil meal or corn gluten meal were quite similar in the two 
trials. These relationships are graphically shown in Figure 6. 
Lambs fed soybean oil meal exhibited higher lysine and orni­
thine values and much lower phenylalanine-tyrosine values than 
lambs receiving corn gluten meal. The plasma values for the 
lambs receiving the corn gluten meal-urea combination were 
somewhat lower (except for acidic amino acid values) than for 
the lambs fed corn gluten meal. The pattern for the lambs fed 
urea was quite similar to that of the lambs receiving soybean 
oil meal, although the concentration of lysine was markedly in­
creased and the ornithine, arginine and phenylalanine-tyrosine 
values were considerably lower than the corresponding levels 
for the lambs fed soybean oil meal. 
The blood plasma amino acid values for each of the two 
samples obtained from lambs fed soybean oil meal and corn glu­
ten meal (Table 15) were averaged and calculated on the basis 
of milligrams per 100 milliliters of plasma. These latter 
values for the lambs fed soybean oil meal and corn gluten meal 
were compared with the amino acid composition of the dietary 
protein fed (Table 16). Values used for the amino acid com­
position of the dietary proteins were obtained from literature 
values (Miller, 1956; Lyman et al., 1958)» There appeared to 
be a correlation between the amino acid composition of the 
dietary protein and the free amino acid content in the blood 
Figure 6. Concentrations of free plasma amino acids in lambs fed 
semipurified rations containing different nitrogen 
sources» 
SBOM, soybean oil meal 
CGM, corn gluten meal 
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Table 16, Comparison of free amino acids in plasma of lambs with the amino acid 
composition of the dietary protein 
Amino acid Soybean oil meal Corn gluten meal 
% of dietary 
protein* 
Mg./100 ml. 
blood pi as mat* 
% of dietary Mg./100 ml. 
protein& blood plasmab 
Lysine 6.33 2.22 1.86 1.38 
Arginine 6.99 2.29 3.26 2.22 
Phenylalanine-tyrosine 8.80 2.59 11.28 3.56 
Histidine 2.40 1.45 2.33 1.58 
^According to literature values (Lyman et al., 1958; Miller, 1956)« 
^Calculated from the average values of the two samples shown in Table 15. 
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, plasma; this was most evident for lysine and phenylalanine-
tyrosine. These plasma and dietary amino acid relationships 
are illustrated graphically in Figure 7. 
A further comparison was made (Table 17, Figure 8) of 
these plasma amino acid concentrations with literature values 
for the amino acid composition of protein obtained from rumen 
contents of calves, sheep and goats fed purified diets con­
taining urea (Duncan et al., 1953J Loosli et al., 1949)» These 
data show a fairly high correlation between the plasma amino 
acid levels of lambs fed soybean oil meal and the amino acid 
composition of the protein from rumen contents. Lambs fed urea 
exhibited a similar correlation with the possible exception of 
phenylalanine-tyrosine. The relationship did not seem to be 
as consistent for the lambs fed corn gluten meal; the lysine 
values of these lambs being too low and the phenylalanine-
tyrosine values being too high. 
It should be noted that a tyrosine value was not given in 
the original data of Duncan et al. (1953) and Loosli et al. 
(1949)• The phenylalanine-tyrosine value reported in Table 17 
was obtained by doubling the original phenylalanine value since 
Weller (1957) reported that the phenylalanine and tyrosine con­
tent of rumen microbial protein was approximately equal. 
The plasma amino acid values of portal and jugular blood 
at various intervals after feeding were quite similar except 
at 8 hours postprandial when sharp increases in histidine and 
ammonia in portal samples were not reflected to any great 
Figure 7• Comparison of free amino acids in plasma of lambs 
with the amino acid composition of the dietary 
protein. 
CGM, corn gluten meal 
SBOM, soybean oil meal 
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Table 17. Comparison of free amino acids in blood plasma of 
lambs fed different nitrogen sources with the amino 
acid composition of protein obtained from rumen 
contents 
Amino acid Protein of Plasma amino acid values 
rumen 
contents8-
Soybean 
oil mealb 
Corn gluten Urea 
me alb 
( :  % of protein) (milligrams/100 milliliters) 
Lysine 5.4 2.22 1.38 2.85 
Arginine 4.0 2.29 2.22 2.07 
Phenylalanine' 
tyrosine 6.0° 2.59 3.56 2.21 
Histidine 1.7 1.45 1.58 1.35 
^Obtained from values cited by Duncan et al. (1953) and 
Loosli et al. (1949) of calves, sheep and goats maintained on 
purified rations with urea furnishing the only source of die­
tary nitrogen. 
^Calculated from the average values of the two samples 
shown in Table 15» 
^Tyrosine value was not given in original data; phenyl-
alanine- tyro sine value was obtained by doubling the reported 
phenylalanine value. 
extent in jugular samplese These two discrepancies may not be 
a true reflection of the correlation between portal and jugular 
blood amino acids ; however, they suggest that further studies 
are needed to clarify portal and jugular blood amino acid re­
lationships in the lamb. Nevertheless, the overall data pre­
sented here on portal and jugular blood plasma amino acids 
Figure 8. Comparison of free amino acids in plasma of lambs 
fed different nitrogen sources with the amino 
acid composition of protein obtained from rumen 
contents of ruminants receiving urea rations. 
SBOM, soybean oil meal 
CGM, corn gluten meal 
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suggest that in general, -samples of jugular blood may reflect 
proportional changes occuring in portal blood even though 
quantitative differences may exist. 
Lewis et al. (1957) also noted that marked changes in por­
tal blood ammonia concentration were not reflected to any great 
extent in peripheral blood of sheep consuming normal diets. He 
reported values for ammonia of 5 to 10 micromoles per 100 mil­
liliters in peripheral blood. The values for jugular blood are 
considerably higher in these studies. This is probably due 
primarily to decomposition of glutamine during the deprotein-
ization and storage of the plasma samples (Stein and Moore, 
1954). 
Feed was withheld approximately 12 hours from the lambs 
fed different protein sources prior to collecting jugular blood 
samples. The comparative studies between portal and jugular 
blood indicate that plasma amino acid levels in jugular samples 
collected at 12 hours after feeding were quite representative 
of the relative concentrations found in portal samples collect­
ed at that hour. 
The jugular plasma amino acid patterns differed consider­
ably between lambs fed different nitrogen sources. The sig­
nificance of this is not clear. Although these studies were of 
a limited nature, the data suggest that lambs fed different 
nitrogen sources may exhibit quite different blood plasma amino 
acid patterns, which presumably could influence tissue metab­
olism and subsequent animal performance. The plasma amino acid 
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patterns for lambs fed soybean oil meal or urea were more 
similar to the amino acid pattern of protein from rumen con­
tents than that of lambs receiving corn gluten meal. The lat­
ter lambs exhibited patterns that more closely resembled the 
amino acid composition of the dietary protein than the protein 
of rumen contents. Since this latter protein was obtained from 
ruminants fed rations containing urea as the only source of 
dietary nitrogen, it seemed reasonable to assume that the pro­
tein isolated from these animals would be of microbial origin. 
The amino acid values presented in Table 17 for this protein 
are quite similar to those reported by Weller (1957) for rumen 
microbial protein. 
The work of McDonald (1954) suggests that only 40 percent 
of corn protein (zein) may be converted to microbial protein in 
the rumen of the sheep. One might postulate that the degrada­
tion of corn gluten meal in the rumen and its subsequent con­
version to microbial protein may not occur to a much greater 
extent than that of zein. If this were true, the amino acids 
absorbed from the digestive tract of lambs fed corn gluten meal 
should reflect the amino acid composition of the dietary pro­
tein more closely than the amino acid composition of microbial 
protein. The limited data from these present studies seems to 
support this theory. 
McDonald and Hall (1957) reported that casein was rather 
completely converted to microbial protein in the rumen. Little 
(I960) observed that in vitro incubation of soybean oil meal 
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or casein with the fluid portion of rumen contents resulted in 
similar patterns of ammonia formation, suggesting that soybean 
oil meal may be extensively degraded in the rumen and largely 
converted to microbial protein. The similarity between the 
blood amino acid pattern of lambs fed soybean oil meal and the 
amino acid composition of microbial protein lends support to 
this suggestion. It should be noted, however, that the amino 
acid composition of the soybean oil meal and protein from rumen 
contents cited here were also similar. 
Lambs fed urea or soybean oil meal exhibited similar blood 
amino acid patterns, although growth performance of lambs fed 
soybean oil meal was much superior to that of lambs fed urea. 
It may be that the proportion of amino acids absorbed by lambs 
fed urea was adequate but that the quantitative synthesis of 
these amino acids was lacking. Ellis et al. (19^9) found that 
the amount of tryptophan in rumen contents of lambs fed puri­
fied rations containing various protein sources was correlative 
with nitrogen balance, biological value and ingested trypto­
phan. They suggested that the capacity of rumen microorganisms 
to synthesize protein from urea, casein or gelatin was insuf­
ficient to adequately supply certain amino acids critical for 
lamb growth. 
The significance of the blood amino acid pattern observed 
in lambs receiving the corn gluten meal-urea combination is not 
clear. Performance of these lambs was nearly equal to lambs 
fed soybean oil meal, yet their plasma amino acid pattern was 
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quite similar to the plasma amino acid pattern of lambs fed 
corn gluten meal. More data are needed to understand these in­
terrelationships. 
Summary 
Comparisons were made of the relationship between the 
level of plasma amino acids in portal and jugular blood of 
lambs fed a semipurified ration containing soybean oil meal at 
various intervals after feeding. In a second study, compari­
sons were made of the plasma amino acids obtained from jugular 
blood of lambs fed semipurified rations containing different 
nitrogen sources. In the first study, the concentration of 
plasma amino acids in jugular samples seemed to parallel that 
in portal samples, although in general the concentration was 
greater in the portal samples at all sampling hours. Jugular 
blood plasma amino acid patterns differed considerably between 
lambs fed different nitrogen sources. There appeared to be a 
correlation between the plasma amino acid pattern for lambs fed 
soybean oil meal or urea and the amino acid composition of pro­
tein of microbial origin» This relationship was not as appar­
ent for lambs fed corn gluten meal. Lambs fed soybean oil 
meal or corn gluten meal exhibited patterns that closely re­
sembled the amino acid composition of the dietary protein fed. 
These results suggest that lambs fed different nitrogen sources 
may exhibit quite different amino acid patterns in the blood, 
which may influence tissue metabolism and subsequent animal 
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performance. Possible reasons for the different plasma amino 
patterns observed are discussed. 
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GENERAL DISCUSSION 
The results of the performance trials presented in this 
dissertation indicated that different protein or nitrogen 
sources incorporated into semipurified rations on an isonitro-
genous basis were not of equal value in promoting growth in 
lambs. Other workers have made similar observations in grow­
ing-fattening studies with lambs (Woods et al,, 1957î Oitjen 
et al., 1959; Little, I960)e Performance of lambs fed semi­
purified rations containing soybean oil meal was superior to 
lambs fed corn gluten meal. The incorporation of urea into 
corn gluten meal rations generally resulted in gains that were 
approximately equal to that of lambs fed soybean oil meal. It 
was demonstrated that these differences were due to the nitro­
gen sources per se and not primarily to differences in feed 
consumption. 
In these semipurified ration studies, lambs fed various 
combinations of soybean oil meal and corn gluten meal perform­
ed similarly to lambs receiving soybean oil meal alone as the 
major source of protein. Little (I960) had previously demon­
strated the beneficial effects of urea in semipurified rations 
containing corn gluten meal; however, the rations compared were 
not isonitrogenous. The corn gluten meal-urea combination con­
tained 11 percent protein equivalent while the soybean oil meal 
and corn gluten meal rations contained only 8 percent protein 
equivalent. He also noted that growth performance of lambs was 
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improved by the incorporation of the water soluble fraction of 
soybean oil meal into semipurified rations containing corn glu­
ten meal. 
When soybean oil meal and corn gluten meal were compared 
in natural rations, no differences in growth performance were 
noted. The superior performance of lambs fed semipurified ra­
tions over those fed natural rations in Trial 3 of the growing-
fattening studies indicated that the trem!purified rations used 
in these studies were adequate in non-protein factors for good 
lamb growth. It should be emphasized that soybean oil meal or 
corn gluten meal provided only about $0 percent of the total 
nitrogen in the natural rations. Corn provided the major part 
of the remaining nitrogen and was the major ingredient differ­
ence between the semipurified and natural rations. 
It is interesting to note in this regard the observation 
of Woodsl. On high-corn rations in which the corn had been 
artificially dried at 110, 15>0 or 240°F, lambs fed soybean oil 
meal gained more rapidly and were more efficient in feed utili­
zation than lambs receiving corn gluten meal. No differences 
in performance were noted between lambs fed soybean oil meal or 
corn gluten meal in rations containing air-dried com. 
-'•Woods, W.R. Iowa State University, Ames, Iowa. Effect 
of artificial drying temperature for corn on lamb performance. 
Personnal communication, 1962. 
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Heat is recognized as a factor which may alter the proper­
ties of starch molecules as well as influencing nitrogen solu­
bility by denaturing protein. The above worker found that the 
solubility of the carbohydrate fraction of the corn subjected 
to the various drying temperatures noted above was similar. He 
also reported that the percent of nitrogen soluble in 0.02N 
NaOH was similar for the air-dried corn and the corn dried at 
110 and 150°P; however, the percent of soluble nitrogen was 
much lower in the corn dried at 2ij.0°P than in the other corn 
samples. A reduction of the soluble nitrogen in the corn may 
have altered the utilization of the ingested protein or other 
feed fractions by influencing rumen fermentation. 
Other workers have reported that heat processing of pro­
tein feeds altered nitrogen utilization in ruminants (Chalmers 
et al., 1954i Tillman et al., 1961). More information is need­
ed on the changes occurring in feeds subjected to various heat 
treatments to clarify the role of heat in altering the utiliza­
tion of different nitrogen sources for ruminants. 
The observations made on growth performance of lambs fed 
semipurified rations containing soybean oil meal, corn gluten 
meal or a corn gluten meal-urea combination were not satis­
factorily explained from ration digestibility and nitrogen bal­
ance studies. The results in these metabolism studies indicat­
ed no consistent differences between rations containing these 
three sources in any of the components measured. Other workers 
have compared soybean oix meal and,corn gluten meal in 
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metabolism studies and have reported similar findings (Miller 
and Morrison, 1942). Little (I960) also noted no difference in 
nitrogen retention or protein digestibility between lambs fed 
these two protein sources» He did find a marked difference in 
cellulose digestibility in favor of the soybean oil meal-fed 
lambs, an observation which was not confirmed in these present 
studies• 
Biological evaluation of different nitrogen sources by 
conventional metabolism studies was ineffective in explaining 
the unequal performance obtained in growth studies when these 
nitrogen sources were incorporated into semipurified rations. 
It was apparent that other techniques were needed to explain 
these differenceso 
The amount and proportion of amino acids absorbed from the 
digestive tract form the real measure of the adequacy of a pro­
tein source for non-ruminants. Absorption of amino acids from 
the digestive tract in ruminants has been essentially ignored. 
It seemed reasonable that this should be of considerable im­
portance in the ruminant animal since it has been indirectly 
demonstrated that amino acid metabolism of ruminant tissues is 
similar to that in non-ruminants, i,e., these tissues require 
certain amino acids which they are incapable of synthesizing to 
any great extent (Black et al,, 1952, 1957; Black and Kleiber, 
1958; Downes, 1961). 
It has been commonly suggested that the source of dietary 
nitrogen is of little significance in ruminants since rumen 
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microorganisms are known to synthesize these critical amino 
acids in the process of building microbial protein. The data 
of Weller (1957) indicates that when synthesis of microbial 
protein occurs it is of rather consistent amino acid composi­
tion. It would appear, however, that the real significance of 
this microbial action lies not with amino acid synthesis per 
se, but is determined largely by the extent to which dietary 
nitrogen is converted into microbial protein, and by the extent 
to which dietary nitrogen is lost by absorption from the rumen 
as ammonia. The results of McDonald ( 1954) and. McDonald and 
Hall (1957) have suggested that the extent of conversion of 
dietary protein to microbial protein may differ considerably 
with -different proteins» McDonald (1952) and Lewis et al. 
(1957) have demonstrated that a considerable loss of dietary 
nitrogen occurs by absorption of ammonia from the rumen of 
lambs fed certain diets» 
If the amount of dietary nitrogen degraded and converted 
into microbial protein, as well as the amount of ammonia ab­
sorbed from the rumen, varies to any great extent with differ­
ent nitrogen sources, such differences should be reflected in 
the quantity and proportion of amino acids being absorbed from 
the digestive tract. It was felt that an index of the amino 
acids being absorbed could be obtained by conducting the blood 
amino acid studies described previously. It was anticipated 
that these studies would prove to be an effective avenue of ap­
proach for evaluating nitrogen sources in ruminant animals. 
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Preliminary experiments conducted to study the relation­
ship of plasma amino acid levels in portal and jugular blood of 
lambs at various intervals after feeding indicated that the 
concentration of plasma amino acids in portal blood was great­
er at all sampling hours. In general the amino acid levels in 
jugular samples seemed to parallel changes in portal blood 
plasma throughout the sampling period. Histidine and ammonia 
were noted as exceptions in this portal-jugular relationship at 
8 hours postprandial. The sharp rise in concentration of these 
two components in portal blood at this time was not reflected 
to any great extent in jugular blood. Presumably these marked 
increases in concentration were due to a peak in absorption 
from the digestive tract. No indication of increased absorp­
tion was noted for the other components. This was not unex­
pected since nitrogen passes on from the rumen to the lower 
part of the digestive tract somewhat continuously (Hogan and 
Phillipson, I960). Total amino acids as well as lysine and 
arginine decreased in concentration from 0 to 4 hours after 
feeding. No reason for this decrease can be given at present. 
The ammonia peak occurring at 8 hours postprandial in the 
portal blood of lambs fed semipurified rations containing soy­
bean oil meal was probably a reflection of maximum ammonia ab­
sorption from the rumen at that time. This conclusion is sub­
stantiated by the results of other workers. The observations 
of Little (I960) indicate that the peak ammonia concentration 
for soybean oil meal in the rumen of lambs may occur 
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approximately 6 hours after feeding. In addition, Lewis et al. 
have observed that changes in rumen ammonia concentration of 
sheep fed various rations were paralleled by changes in portal 
blood ammonia concentration. These changes in concentration of 
portal blood ammonia were not detected in peripheral blood 
under normal feeding conditions, which is in agreement with 
these present studies. 
The marked increase in concentration of histidine, which 
occurred only in portal blood of lambs at 8 hours after feeding, 
can not be explained at this time. Inconsistencies between the 
relationship of portal and jugular plasma amino acids have been 
reported in other species, Denton et al. (1953) noted that the 
concentration of amino acids in portal blood of dogs was great­
er than in peripheral blood. They also noted that changes in 
concentration of several amino acids in portal blood were not 
reflected to any great extent in peripheral blood. On the other 
hand, Dent and Shilling (1949) concluded that although quanti­
tative differences in plasma amino acids existed between portal 
and jugular blood of dogs, that changes occuring in jugular 
blood were proportional to those in portal blood. 
The plasma amino acid pattern in jugular and portal sam­
ples established at 12 hours after feeding seemed quite repre­
sentative of the average pattern noted in portal and jugular 
blood plasma. Furthermore, the correlation between the plasma 
amino acid levels in portal and jugular blood appeared quite 
high at 12 hours postprandial, which coincided approximately 
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with the time that jugular samples were taken from lambs fed 
different nitrogen sources„ 
It should be recognized that the comparisons of plasma 
amino acids in portal and jugular blood were conducted with 
lambs receiving only one source of nitrogen, soybean oil meal. 
The possibility exists that portal and jugular blood plasma 
amino acid relationships of lambs fed other sources may not be 
the same as noted here with lambs fed soybean oil meal. Addi­
tional research is needed to clarify these relationships. 
Jugular plasma amino acid patterns differed considerably 
between lambs fed different nitrogen sources. The significance 
of this is not clear, but the data suggest that lambs fed dif­
ferent nitrogen sources may be absorbing different proportions 
of amino acids which presumably could influence tissue metabo­
lism and subsequent animal performance. Puchal et al. (1962) 
noted that young growing pigs fed different sources of protein 
in semipurified rations exhibited quite different blood plasma 
amino acid patterns; the proteins used in their studies re­
sulted in marked differences in growth response. 
Lambs fed corn gluten meal exhibited a plasma amino acid 
pattern that more closely resembled the amino acid composition 
of the dietary protein than protein of microbial origin. 
McDonald (1954) reported that corn protein (zein) was slowly 
degraded in the rumen and that the major portion of this pro­
tein passed through the rumen of the sheep unaltered. It seems 
feasable that a considerable amount of corn gluten meal may 
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pass through the rumen unaltered» If this is true, the amino 
acids absorbed from the digestive tract of lambs fed corn glu­
ten meal should reflect the amino acid composition of dietary 
protein more closely than the amino acid composition of micro­
bial protein. The limited data from these present studies 
seems to support this theory. 
The plasma amino acid pattern for lambs fed soybean oil 
meal was quite similar to the amino acid pattern of microbial 
protein. Little (I960) observed that in vitro incubation of 
soybean oil meal or casein in the fluid portion of rumen con­
tents resulted in similar patterns of ammonia formation sug­
gesting that soybean oil meal may be degraded in the rumen to 
the same extent as casein. It has been shown that approximate­
ly 90 percent of casein was converted to microbial protein in 
the rumen (McDonald and Hall, 1957). This suggests that soy­
bean oil meal may be largely converted to microbial protein. 
The similarity between the amino acid patterns in blood plasma 
of lambs fed soybean oil meal and microbial protein lend sup­
port to this suggestion. It is recognized, however, that the 
amino acid composition of soybean oil meal and the microbial 
protein were also similar. 
Lambs fed urea exhibited blood amino acid patterns that 
were quite similar to those of lambs receiving soybean oil 
meal, although growth performance of lambs fed soybean oil meal 
was much superior to that of urea-fed lambs. The reason for 
this is not clear. The pattern of amino acids in the blood, 
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however, may not reflect the quantitative synthesis of amino 
acids occurring in the rumen0 Therefore, the quantity of mi­
crobial protein synthesized in lambs fed urea may not be suf­
ficient for optimum growth. This theory is supported by Ellis 
et al. (1959) who reported that the amount of tryptophan in 
rumen contents of lambs fed purified rations containing various 
protein sources was correlative with nitrogen balance, bio­
logical value and ingested tryptophan. They suggested that the 
capacity of rumen micro-organisms to synthesize protein from 
urea, casein or gelatin was insufficient to adequately supply 
certain amino acids critical for lamb growth. 
The significance of the blood amino acid pattern observed 
in lambs receiving the corn gluten meal-urea combination is not 
clear. Performance of these lambs was nearly equal to lambs 
fed soybean oil meal, yet their plasma amino acid pattern was 
quite similar to the plasma amino acid pattern of lambs fed 
corn gluten meal. More data are needed to understand these 
interrelationships. It is possible that the readily available 
nitrogen of urea may act as a stimulus to increase microbial 
fermentation. This action could conceivably overcome an insuf­
ficiency in certain factors (not necessarily amino acids) need­
ed for optimum lamb growth. No support for this postulation 
can be given at this time. 
Unfortunately the data collected in the blood amino acid 
studies were limited. Animal variation was not measured in 
these studies. Therefore no definite conclusions can be made 
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as to the relationship between blood amino acid patterns of 
lambs fed different nitrogen sources and growth performance. 
It is suggested that the real significance of these studies was 
to demonstrate that lambs fed various nitrogen sources exhibit 
different plasma amino acid patterns. Whether these patterns 
are a good reflection of the amino acids absorbed from the di­
gestive tract, and whether they have a direct influence on tis­
sue metabolism and subsequent performance remains to be shown. 
In view of the results of the growing-fattening studies, 
it seemed reasonable that lambs fed semipurified rations con­
taining soybean oil meal should have retained more nitrogen 
than lambs fed semipurified rations containing corn gluten meal. 
There was considerable animal variation in the metabolism 
studies o It should also be pointed out that the measurement of 
nitrogen balance of lambs closely confined in metabolism stalls 
where feed intake is limited may not be a good measure of the 
value of a nitrogen source for promoting growth in lambs fed 
ad libitum under more natural conditions. 
Metabolism studies indicate the amount of nitrogen retain­
ed by an animal on a certain diet, but such studies provide 
little information about the intermediate reactions taking 
place to give the overall nitrogen retention picture. In con­
trast, the results of the blood amino acid studies have sug­
gested various means by which utilization of different nitrogen 
sources may differ in lambs. It would seem that more extensive 
studies in this latter area may be helpful in more critically 
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evaluating the adequacy of nitrogen sources for ruminants. 
It has been clearly demonstrated in these studies that 
marked differences in growth can occur when lambs are fed dif­
ferent nitrogen sources in semipurified rations. The reasons 
for these differences are still not known, although various 
suggestions have been made from the findings noted here. It 
would seem that our understanding of protein nutrition in the 
ruminant animal is limited primarily by our lack of information 
on the factors influencing protein degradation and synthesis in 
the rumen, and the subsequent proportion and quantity of amino 
acids available for absorption. 
Future studies need to be directed towards the development 
and use of new techniques in measuring the value of dietary 
protein for ruminants. As indicated previously, more extensive 
blood amino acid studies may aid in this evaluation. Consider­
able information might also be obtained by determining the amino 
acid composition of the digesta entering the duodenum from the 
abomasum of ruminants fed different nitrogen sources. Samples 
of digesta could be obtained from a fistula placed in the duo­
denum in close proximity to the pyloric sphincter. Using a 
technique such as this, an estimation could be made of the 
amino acids available for absorption, the amount of dietary 
nitrogen lost between the mouth and the duodenum (presumably by 
absorption of ammonia), and the extent of conversion of dietary 
protein to microbial protein. 
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SUMMARY 
Different nitrogen sources were evaluated for lambs in 
growing-fattening studies, digestibility and nitrogen balance 
trials, and in blood amino acid studies. 
In the growing-fattening studies, comparisons were made of 
the value of supplementing semipurified or natural rations with 
soybean oil meal, corn gluten meal, urea or various combina­
tions of these nitrogenous sources. Soybean oil meal was su­
perior to corn gluten meal as a nitrogen source for lambs when 
incorporated into semipurified rations but not in natural ra­
tions. 
Urea tended to be inferior to corn gluten meal in both 
semipurified and natural rations. The incorporation of urea 
into semipurified rations containing corn gluten meal generally 
resulted in gains that were approximately equal to that of lambs 
fed soybean oil meal as the major source of nitrogen. Urea 
supplementation of natural rations containing corn gluten meal 
did not improve growth performance. Lambs fed combinations of 
soybean oil meal and corn gluten meal in semipurified rations 
performed similarly to lambs receiving soybean oil meal alone 
as the major nitrogen source. 
The observations made on growth performance of lambs fed 
semipurified rations containing soybean oil meal, corn gluten 
meal or a combination of com gluten meal and urea were not 
satisfactorily explained from metabolism studies. No 
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consistent differences were noted in digestibility of the ra­
tion components or nitrogen retention between lambs fed rations 
containing these three sources. 
Experiments conducted to study the relationship of portal 
and jugular plasma amino acid levels at various intervals after 
feeding indicated that the concentration of plasma amino acids 
in portal blood was greater at all sampling hours. In general, 
the plasma amino acid levels in jugular samples seemed to par­
allel changes in portal blood throughout the sampling period. 
Histidine and ammonia were noted as exceptions to this general 
relationship. Several plasma amino acids decreased in concen­
tration from 0 to 4 hours after feeding. Histidine and am­
monia were the only components to exhibit marked increases in 
concentration, although the concentration of most of the amino 
acids increased gradually with time to give the highest con­
centration 24 hours postprandial. 
Jugular plasma amino acid patterns differed considerably 
between lambs fed different nitrogen sources. Lambs fed corn 
gluten meal exhibited a plasma amino acid pattern that more 
closely resembled the amino acid composition of corn gluten 
meal than protein of microbial origin. The plasma amino acid 
pattern of lambs fed the corn gluten meal-urea combination was 
quite similar to that exhibited by lambs fed com gluten meal 
alone as the major source of dietary nitrogen. 
Lambs fed soybean oil meal or urea exhibited plasma amino 
acid patterns that were quite similar to the amino acid pattern 
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of microbial protein. The concentration of plasma amino acids 
in lambs fed soybean oil meal also appeared to be closely re­
lated to the amino acid composition of soybean oil meal. The 
possible significance of these findings was discussed. 
These results suggest that lambs fed different nitrogen 
sources may exhibit different blood plasma amino acid patterns 
which presumably could influence tissue metabolism and subse­
quent animal performance. 
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APPENDIX 
Technique for Establishment and Maintenance 
of a Portal Catheter in Lambs 
The surgical procedure used for establishing a portal 
catheter in lambs was patterned in part after the method of 
Conner and Fries (I960). The lambs were strapped securely to 
the operating table in lateral recumbency (left side down). A 
general anesthetic was not used during the operation. The area 
in the vicinity of the incision was anesthesized with 4 percent 
procaine hydrochloride. The peritoneal cavity was entered 
through a vertical abdominal incision. This incision was made 
just posterior to the last rib and extended from a point high 
in the paralumbar fossa downward approximately 10 inches. 
Access to the portal vein was gained via entry into one of 
the illeal or jejunal veins. A loop of ileum or jejunum was 
brought to the outside and a vein was located in an area where 
collateral blood supply appeared abundant. Fascia around the 
vein was removed by careful blunt dissection» In most cases 
the adjacent artery was not separated from the vein (uninten­
tional venous puncture occurred in many cases when this was 
attempted). 
Suture thread was placed around the vein (and artery) ap­
proximately two inches anterior and posterior to the proposed 
incision. Blood was clamped off anterior to the proposed in­
cision by a bulldog clamp. . When the vein had filled with blood 
the suture thread posterior to the proposed incision was tied. 
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The wall of the vein was held with mosquito forceps and an in­
cision was made with small scissors at a 45 degree angle to the 
vein. The flap of the incised vein was raised and the blunt-
end catheter was passed through the opening and threaded for­
ward to the bulldog clamp. The clamp was then removed and the 
catheter was threaded forward to the portal vein. 
Extreme care was necessary to avoid passing the catheter 
into the thin sheath of fascia surrounding the vein when first 
attempting to enter the vein with the catheter. Once inside 
the vein, the catheter threaded forward quite easily. A ster­
ile 1.9 percent sodium citrate solution (isotonic with blood) 
was slowly flushed through the catheter during the insertion. 
Location of the end of the catheter was determined by palpation 
of the portal fissure (porta hepatis). The end of the portal 
catheter was placed approximately 1 inch from where the vein 
entered the liver. After establishing that blood could be 
drawn from the catheter by means of a hypodermic syringe, the 
thread anterior to the incision was tied so that the catheter 
was held firmly in place. An additional suture tie was made 
around the vein in the same area. 
A 12-guage needle was used to puncture through the ab­
dominal wall posterior to the abdominal incision. The poster­
ior end of the catheter was then passed through the needle to 
the outside. To avoid kinking very little excess tubing was 
left in the peritoneal cavity. The abdominal incision was 
closed by suturing together the abdomenal muscles, and then the 
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skin. 
Two types of tubing were usôd as catheters in this tech­
nique. Polyethylene tubing was used first, but considerable 
difficulty was encountered due to kinking of the tubing. The 
most successful size of polyethylene tubing used had an inside 
diameter of 0.047 inch and an outside diameter of 0.067 inch. 
Later, a more flexible tubing was used which was very resist­
ant to kinking. The tubing was designated as surco flexible 
transparent tubing, formulation S-l clear, and was obtained 
from the Suprenant Manufacturing Company, 172 Sterling Street, 
Chicago, 111. The size was T-6 (0.042" I.D. x 0.074" O.D.). 
A blunt-end hypodermic needle was fitted snugly into the 
end of each catheter. A short piece of rubber tubing was at­
tached to the needle by means of a luerlock fitting. The other 
end of the rubber tubing also carried a fitting to which a 
syringe could be attached. The rubber tubing was blocked off 
with a screw-type clamp and secured to the lamb's wool with a 
hemostate When not in use, an anticoagulant solution was kept 
in the catheter at all times. The catheter was flushed 2 or 3 
times daily with 10 milliliters of the sodium citrate solution. 
The rubber tubing was clamped off before the last 2 or 3 mil­
liliters of sodium citrate were ejected from the syringe to 
prevent blood from flowing back into the tubing. 
Operations were performed on 12 lambs, with portal 
catheters being successfully established in 11 of the lambs. 
Portal blood was collected successfully for periods up to 18 
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days, with an average duration of 8 days. Post mortem examina­
tion of two lambs made 10 to II4 days after the operation in­
dicated that the intestines appeared to have a normal tone and 
color, although there were adhesions throughout the peritoneal 
cavity and a fibrin coating over the entire portion of the 
catheter. 
Sample Preparation and Analysis Procedure for 
Determining Blood Plasma Amino Acids in Lambs 
Sample preparation 
Ten milliliters of blood were obtained from either the 
portal or jugular vein of lambs in a tube containing 0.1 mil­
liliter of a solution of heparin sodium (30 mg./ml.). The 
heparin!zed blood was centrifuged at 3000 r.p.m. for 15 minutes 
and the plasma removed. An aliquot of plasma was immediately 
deproteinized with picric acid as described by Stein and Moore 
(1954) and stored at -20°C in polyethylene bottles. At a later 
date the excess picric acid was removed as described in the 
previous citation. The deproteinized plasma, representing 8.34 
milliliters of original blood plasma, was concentrated under 
vacuum with a rotary evaporator at 60°C to a volume of about 2 
or 3 milliliters. The concentrate was washed into a graduated 
test tube, diluted to 10 milliliters with 0.02N HC1, mixed well 
and divided into 3 aliquots of 3» 3 and if. milliliters respect­
ively. These aliquot samples were placed in small plastic 
112 
culture tubes, which were capped and stored at -20°C until an­
alyzed. 
Analysis procedure 
The plasma amino acids were determined by the method of 
Moore et al. (1958) and Moore and Stein (1954) with the modi­
fications cited below. The three-mi Hi liter aliquot samples of 
deproteinized plasma were used for analysis. Chromatography 
was carried out on a 24 x 1.1 centimeter column of Amberlite 
CG-120 using a O.38N sodium citrate buffer. (pH 4*64) at 30°C. 
The buffer was prepared in 4 liter quantities as follows: 
106.4 grams citric acid .HgO, 62.4 grams NaOH, 48 milliliters 
concentrated HC1 and 4 grams phenol brought up to volume with 
distilled water. 
Two-milliliter effluent fractions were collected from the 
column by means of an automatic fraction collector (Model 1205, 
Research Specialties Co., Richmond, Calif.) and analyzed photo­
metrically with a Beckman Model B Spectrophotometer (Beckman 
Instruments Inc., So. Pasadena, Calif.) as described by Moore 
and Stein (1954)• 
Except for the acidic amino acid component, all amino 
acids were corrected for color yield using factors given in the 
previous citation. A color yield of 0.97 was used for the 
acidic amino acid component. This was obtained by using the 
color yield (Moore and Stein, 1954) for each of the individual 
amino acids in this component in the proportions noted by 
113 
Brownl with beef heifers. Urea is normally present in this 
acidic amino acid component. It was realized that due to the 
variability of blood urea and the extremely low color yield for 
urea that the actual color yield for the acidic amino acid com­
ponent could vary considerably. In calculating the color yield 
used here the assumption was made that no urea was present in 
the blood. With this assumption the concentrations calculated 
for the acidic amino acid component should be proportional to 
and closely approximate the actual values of the acidic amino 
acids included in this component exclusive of urea. 
Ifirown H.E. A. & M. College of Texas, College Station, 
Texas. Free amino acids of bovine plasma - identification and 
effect of fasting. Personnal Communication. 1961. 
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Table 18. Composition of mineral mixture included in semi-
purified rations 
Constituent Amounta 
NaCl 6.00 lbs. 
k2hpo^ 11.20 lbs. 
KOI 7.30 lbs. 
CaHP0^.2H20 4.73 lbs. 
MgS0^.7H20 7.16 lbs. 
CaS0^.2H20 14.78 lbs. 
CaCOj 1.07 lbs. 
FeS0^.7H20 0.50 lbs. 
KI 12.712 gm. 
ZnS0j^.H20 5.039 gm. 
CuS0^.7H20 4.994 gm. 
CoS0^.7H20 4.426 gm. 
Ca?2 3.632 gm. 
MnS0||.H20 22.700 gm. 
aAdded to ration at the rate of 5»3 pounds per 100 pounds 
total ration. 
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Table 19. Composition of vitamin mixture included in semi-
purified rations^ 
Constituent Amounta 
(grams) 
Thiamine HC1 2.8l5 
Riboflavin 4*495 
Niacin 22.609 
Pyridoxine HC1 2.815 
Calcium pantothenate 22.609 
Biotin 0.282 
Folic acid 1.135 
Menadione 2.8l5 
Vitamin B^g 0.005 
Inositol 45.400 
Para-aminobenzoic acid 45.400 
Quadrex "10" b 100,000 
Vitamin E concentrate0 227.000 
Choline chloride, 70% 649.000 
Corn dextrose 3413.620 
aAdded to ration at the rate of 454 grams per 100 pounds 
total ration. 
^Contains 10,000 I.U. vitamin A and 1,250 I.U, vitamin per 
gram. 
cContains 44 I.U. vitamin E per gram (20,000 I.U./lb,), 
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Table 20, Statistical analyses of performance data of lambs 
fed semipurified rations with different levels and 
sources of nitrogen (Growth Trial 1) 
Source of variation D.F. Mean square 
Daily Daily 
gain feed 
Total 28 
Treatment 4 0.0958 0.939 
Remainder 24 0.0245 0.243 
Shortest significant ranges 
Average daily gain: 
p: (2) (3) (4) (5) 
Rp: .19 .20 .20 .21 
Treatments: 3 4 5 12 
Means:a .10 .14 .32 .36 .38 
Average daily feed: 
p ' (2) (3) (4) (5) 
Rp: .59 .62 .63 .65 
T r e a t m e n t s :  4 3 5 1 2  
Means:a 2.17 2.18 2.74 2.96 2.98 
aAny two means not underscored by the same line are sig­
nificantly different at the 0.05 level of probability. 
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Table 21. Statistical analysis of daily gains of lambs 
limited-fed semipurified rations with different 
levels and sources of nitrogen (Growth Trial 2)a 
Source of variation D.F. Mean square 
Total 23 
Treatment 4 0.0044 
Outcome group 4 0.0037 
Remainder 15 0.0042 
aSince there were only 4 lambs on treatment 3# the missing 
value was estimated by the method suggested by Snedecor (1956) 
and the analysis.of variance was then conducted with the modi­
fications outlined by the above author. 
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Table 22. Statistical analyses of performance data of lambs 
fed semipurifled or natural rations containing dif­
ferent sources of nitrogen (Growth Trial 3) 
Source of variation D.F. 
Daily 
gain 
Mean square 
Daily 
feed 
Total 
Ration 
Protein source 
Ration x protein 
Remainder 
38 
1 
3 
3 
31 
Shortest significant ranges 
Average daily gain: 
p: (2-3) 
Rp: .11 
Treatments: 
Means:a 
(4-8) 
.12 
8 
.18 
4 
,22 
Average daily feed: 
7 
.36 
5 
.40 
0.0278 
0,1233 
0.0018 
0.0068 
0.941 
1.260 
0.068 
0.126 
3 6 2 1 
.40 .41 .45 .49 
p: (2) 
Rp: .42 
Treatments: 
Means:a 
(3) (4) (5) (6) (7) (8) 
•44 .45 «46 .47 .48 .48 
8 4 7 6 5 3 2 1 
2.24 2.40 2.67 2.76 2.90 2.96 3.02 3.44 
aAny two means not underscored by the same line are sig­
nificantly different at the 0.05 level of probability. 
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Table 23. Statistical analyses of performance data of lambs 
fed natural rations containing different sources of 
nitrogen (Growth Trial 4) 
Source of variation D.F. 
Daily 
gain 
Mean square 
Daily 
feed 
Total 
Treatment 
Remainder 
52 
7 
45 
Shortest significant ranges 
Average daily gain: 
pi (2) 
Rp: .10 
Treatments: 
Means:a 
(3-7) 
.11 
7 
.12 
( 8 )  
.12 
6 
.13 
3 
.15 
Average daily feed 
Pi (2) 
Rp: .29 
Treatments : 
Means :a 
(3) 
.31 
7 
(4) 
.32 
6 
(5) 
.32 
( 6 )  
.33 
8 
0.0204 
0.0088 
2 4 l 8 
,17 .19 .20 .21 
(7) 
.33 
(8) 
0.246 
0.073 
5 
1.70 1.82 1.85 1.94 1.96 2.01 2.05 2.34 
aAny two means not underscored by the same line are sig­
nificantly different at the 0.05 level of probability. 
120 
Table 24. Statistical analyses of performance of lambs fed 
semi-purified rations with different sources of 
nitrogen (Growth Trial 5) 
Source of variation D.F. Mean square 
Daily Daily 
gain feed 
Total 36 
Treatment 7 0.0221 0.458 
Remainder 29 0.0090 0,127 
Shortest significant ranges 
Average daily gain: 
Pi (2) (3-4) (5-8) 
Rp: .12 ,13 .14 
Treatments; 6542781 
Means:a ei4 «17 o20 .21 .21 .28 .29 .35 
Average daily feed 
pi (2) (3) (4) (5) (6) (7) (8) 
Rp: .46 .48 .50 .51 .52 .52 .53 
T r e a t m e n t s :  3 2 4 5 6 7 8 1  
Means:a 2.02 2,15 2.18 2.26 2.42 2.58 2.78 2.81 
aAny two means not underscored by the same line are sig­
nificantly different at the 0.05 level of probability. 
Table 25>. Statistical analyses of digestion coefficients and nitrogen balance of 
lambs fed semipurifled rations containing different nitrogen sources 
(Metabolism Trials 1 and 2) 
Source of variation D.F. Mean square 
Organic 
matter 
Protein Cellulose Gm. nitrogen 
retained 
Trial 1 
Total 17 
Treatment 3 12.74 77.10 147.72 0.75 
Remainder 14 8.05 
Trial 2 
3.02 55.06 0.48 
Total 13 
Treatment 2 0.99 2.83 6.80 1.41 
Remainder 11 7.32 4.54 39.94 0.61 
Shortest significant ranges 
Protein (Trial 1) 
-
p: (2) 
Rp: 3.4 
Treatments : 
Means:a 
(3) 
3.6 
3 
63.0 
(4) 
3.7 
1 5 
66.5 71.6 
4 
71.8 
aAny two means not underscored by the same line are significantly different at 
the 0.01 level of probability. 
Table 26. Percent recovery of amino acids and repeatability between duplicate plasma 
samples 
Amino acid Standards Duplicate plasma samples 
Percent recovery Percent repeatability^ 
No. Average Range No. Average Range 
(100+) (100Î) 
Phe nylalanine-tyrosine 1 102.0 6 2.3 1.2- 4.1 
Ornithine 3 97.4 95.3-100.0 5 1.3 0.0- 3.0 
Lysine 4 97.3 95.3-100.8 5 3.8 0.2- 9.2 
Ammonia 2 92,4 86.4- 98.4 4 0.9 0.1- 4.0 
Histidine 3 96.2 90,5- 99.7 4 5.8 0.2-10.3 
Arginine 3 104.8 90.9-124.7 4 6.4 0.9-10.6 
Acidic amino acids - — — — — 6 0.8 0.0- 3.1 
^Obtained by dividing the difference between the mean (in micromoles) and either 
value in each comparison by the mean and multiplying by 100 to give percent differ­
ence. 
